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FOREWORD

This document is the final report of a research
program performed by Lockheed Missiles & Space
Company, Inc., Huntsville Research & Engineering
Center, while under contract to NASA-Marshall Space
Flight Center, Contract NAS8-25712. The report
summarizes a research effort accomplished between
29 June 1971 and 15 March 1972, Tasks completed
before this period were reported in an interim report,
LMSC-HREC D225157, dated June 1971. The NASA
technical monitor of the contract was Mr. Frank Bugg,
S&E-AERO-DDS.
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SUMMARY

The marker-and-cell numerical technique was applied to the-study of g‘
axisymmetric and two-dimensional flow of liquid in containers under low
gravity conditions, The purpose of the study was to provide the capability
for numerically simulating liquid propellant motion in partially filled con-
tainers during a docking maneuver in orbit, A computer program to provide
this capability for axisymmetric and two-dimensional flow was completed

and computations were made for a number of hypothetical flow conditions.

e e e i e e =

In order to extend the numerical simulation capability to more realistic
flow conditions, a research effort was undertaken to develop a three-
dimensional marker-and-cell computational technique. For this initial effort
container boundaries were limited to rectangular shapes. A pilot computer
program was successfully developed as a result of this research effort, The
computer program requires 64K core storage with four drum areas for tem-
porary storage. Computations were made for several test cases with reason-
able results obtained, This pilot program can be more fully develnped to
include such features as the capability for treating containers with curved

boundaries.

iii
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Section 1
INTRODUCTION

The Space Shuttle and Spacc Station programs as currently plannecd
have generated much interest in recent years in the dynamic behavior of
large amounts of liquids stored in containers under low -gravity conditions.
Of particular concern is the motion of the liquids, and the resulting forces

that are exerted on the container walls during a docking maneuver in orbit,

Until recently there have been no satisfactory analytical means for
calculating the transient flow characteristics for liquids in containers. To
develop such a means a research effort was undertaken to adapt the Marker-
and-Cell (MAC) numerical technique (Ref, 1) to the axisymmetric and two-
dimensional flow of liquids in containers. The capability for treating curved
container boundaries was included in this adaptation. The resulting computer
program will satisfactorily predict flow properties, including forces and
moments on container walls. Results of this research effort are described
in Ref, 2,

The success of the axisymmetric and two-dimensional liquid dynamics
computations described in the preceding paragraph encouraged further effort
to develop a three-dimensional liquid dynamics numerical technique. The
research effort described in Ref, 2 was therefore extended to include this
additional effort. Results of the extended research effort are described in
this document,
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Scction 2
FORMULATION

2.1 GOVERNING EQUATIONS

incompressible fluid are

<}

)

- (V- P)V- PP+ v VeV +E

D,
L

{ D=z Vv =0
where
§
| v = velocity vector
¢ = % = pressure fuuction
p = pressure
P = mass density
£ v = kinematic viscosity coefficient
i y
| E = equivalent gravitational acceleration vector.

In Cartesian coordinates, Eqs. (1)and (2) may be written as

‘ 2 2 2 2
Bu _ _9%u _ duv _ duw 8y 9 u, 9 u, 9 u
ot x oy 5z ox 'V <8x2+ 8y2+ 8z2> + 8,

2 2 2 2
v 8uv_8v_8vw_ﬁ_ﬂ+v(8v o v 8V>+gy

k] —2 - + +
‘ t ox oy 9z dy 8x2 ayz 822
ow_ _ duw bvw w99, (azw 0w + 02w\ , o
t ox oy 0z 2 axz ayz azz 2
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The differential ¢quations which govern the transient flow of a viscous
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and
L Ou  Ov 0w
Dm8x+ay+az"o (4)

where u,v,w and By gy. g, are the components of vectors v ond E
in the x,y,z-directions, respectively, The stress tensor of the system is

- - Su
Tyx = 9“2”3:‘
ov

0 _=-Q0+ 2V
yy =TT SVay
- - aw
Oz = ‘p"z"az

(5)

_ feu, By
cxy’v(v+3>t)
_ (o, ow
oyz - V(az + ay)
=y (2w, 2y
c’zx-v(a:c." z)

In this study, the fluid is considered to be at rest initially; i.e., v(x,y,2,0)

= p(x,y,2,0) = 0. The boundary conditions of the fluid are

v =0,=0 (at a rigid boundary) (6)

Q
1]
Q
"
o

(at a free surface) (7)

where a variable with a subscript n or t denotes the normal or tangential

component of the variable, respectively.
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2.2 FINITE DIFFERENCE FORMULATION

Cubic meshos are omployed in writing the finito difference equations
of the formulated problom. The velocity components and tho prossuro of o
fluid are apocificd at *he boundaries and at tho center of n coll, respectivoly,
As shown in Fig. 1, Eqs. (3) and (4) of cell (i, j, k) may be oxpressod in the
following form:

1 un+l -u )
Tt il ik T Vitd, gk

o 3 TSR (ui,j.k)] By [(“")1+-§,j+é~.k (@ ¥t j-4,k

X . )
P L(“W)u-;.j,k% i (“w)i+~;~,j,1<--§,-] © et kT Pk
+ v -L-(u.s. +u, 1., =2u,,1 ;)

éxz i+s,j,k i-z, 0k itz, 0 k

1
+ 6yz (ui+%,j+1.k PO ek T ?‘“H%.j.k)

1
P2 M g T e ke 2“14-%,;;,1«)] te, (8a)

l(vn‘Hx -v L )
5t Vi, gk kT Vi, il k

. ) T ) -.1- 2 2
x| OVied, 5 b OV ek k| T By [(vi.jH.k) ("i.iok)]

1
6z | (W)i’ j+%’ k+% (W)io j"'%o k'% ] oy ((pio jtL k (pi. J k)
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1
* W Vi, 5k, 10k 1 TV, g8, ke 1 2vi bl |t gy (8b)
1 n+ti
50 L5k T Ve gLkl
s - - {uw), , 1 1 = (uw), 1 il - L (vw) 1 1
ox ’ it+3, j» k+z i~2,jrktz oy i, jta  ktz
1 2 2 1
- (vw)i,j-%.k+%] 52 [‘“’1.3.1«1’ w1 ] " 52 Py, kel
1 ,
Pi,5,0 TV [ " Wig1, 5, 1008+ Winl, g, kbd ~ 2 W5, 5, k)
+ - (w L+ w 1 - 2W 1)
N AT R 1, j, k4
1
+ " DSIFIWE L /R Zwi,j,k-l-%)] te, (8c)
D, . =-l-(u1. -u, 1 )+-i~(v Ly =V, L ,)
i,jok ox ' ita, jrk i3,k oy i, jtak i,j=2,k
b o (w L - w ) (9)
62 i,jyktz iyjok-2
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wharo
(u )'2 oy A w, 1
Lk e hk fray ok
(v )z SR L,V )
ipj'l( i,j*“g‘,k i,j"g,l{
(w )z a W 1w 1
i’j»k iujpk+'3 i'j-k"'ii
2l
() d indoie =T e, o,k b Sied, 50 Mo, gt Vi ey )
21
(W), ok, it 5T O, ged, kbt ¥ Ve e 0 O, g aekd e g, k)

=L
(Wadipd sierd 2 Wign, b Wi, g, keed) e, g, k1 Y 8, K"
Note that the superscript ntl refers to values at time (ntl) 6t. Where there
is no superscript it is understood that reference is made to values at time

nét,

The boundary conditions at a free surface car be written as

Y5k T e (“i+%.j.k “1-%,3,1() (o, =0) (10a)
.2 _ _

i ik " 5y Vi, i+, k "i,j-—g,k) (oyy 0) (10b)

Pk S oz Wi, ket Wi 4, k-4 (0,, =0) (10¢)
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F-L(ux w1 )+P-L(v L, "V, ah )0
ﬂy i'}'gyj'*",v'k l"‘g. j' k 6” j,+lrgj"""g" l(r i," J+a.k
(7, = 0) (10d)
~=’1=~(v ! oV 1 )+-—1-(w 1= W 1) = 0
(‘)z iqj""g}'. k"’l 'l’ J’.’“‘H k 6y ipJ"'l.k}""‘ i.j.k"”j
(Gyz z Q) (10e)
J‘(W L= W 1)+—l-(u 1 -\, ) =0
o 6x Ui+, j, kty i, j) kg bz “ity, kel i+9, 5,k
: | (ozx = 0) (10f£)
|
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]
i
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Section 3
NUMERICAL SCIHIEMLS

W
b
—

THE MAC COMPUTING TECHNIQUE

Similur to Eqs. (8a), (8b) and (8¢), tho u, v and w velocity compononts

of colls (i=1,j,k), (i,4=1,k) and (i,§,k=1), respoectively, can bo found, &ub-

stituting thesc two sets of equations into K. (9) and assuming D?"jl R !

~

tentative pressure field (in terms of ¢) of the fluid at time (n+l1)5- ‘s o’ i L

1
;‘;z“‘f’wl,j.k*"’i-l,j. LN 6y2 @4, 541,000 P51,k T 29, 5, K)

L ny C29, . ) =—hbk_g
522 Pi ikt T T4, jo k-1 L k! =7 6t ivjok

where

1 2 2 2
Uik T [‘“14-1.5.13 tlagg g 2y ]

1 | 2 2 2
el LTS R 2(vg, 5,1 ]

| 2 2 2
t—3 L(wi.j.ki'l) vy gkel) T2y ) ]

62
o 6y [(“")1+-.j+ et V)L ot avd gy
' ‘“"’i-%.j*r%.k]
8
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2
* Fxén [(“W)m:.j.k-r%*(“W)i-é.j.k-i- (W)l 5, ked
" WWhegg, k+~%l

2
t Syee [(W’)i.ﬁ%.k«*%*("‘")i.i'%.k-% (VW) 544, k-4

- . 12
(vw)i-&J'%: k"‘%] (12)
and
D..,.=v |5 D #D, . ., -2D, ,.)+==(D, .
i,jok 6x2 itl,j,k i-1,j,k i, ik 6y2 i, jtl k
1
D51,k " P50t T2 Prg et T Py ke
. , 3
2 Dm’k)] (13)

To find the correct pressure field of the fluid at time (n+1) é6t, an iterative
process is used, Using Eq.(11) the pressure of cell (i, j, k) at the comple-

tion of (h+l)th jteration is expressed as :

htl 1+g 1 , h htl
Piiek " 1 T 1 [ 7 @i, 5,0t Cin1, 5,k
2 —-—z-+—-—2+-—-2 ox
ox oy bz
1 , h htl 1, h htl
+ =5 (0 it Pk P2 g T ke
oy 6z
~ h
Q4 ik ] @y, 5,k (14)
9
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where a is an over-relaxation parameoter and

D

ol L bk =
e R i T R R TR (15)

The value of q can be taken between 0 and 1, and it is introduced for speeding
up the iteration process. Hence, the MAC method calculates a set of velocities
at time (n+1) 6t from the-velocities and pressure at time nét. Then, using

the incompressibility property and the boundary conditions, an iterative pro-
cess is used to compute the pressure of the fluid at time (n+1) 6t. The pro-

cedure is repeated in the next computing cycle.
The major steps of a MAC computing cycle are:

Step 1; Use Eqgs.(8a), (8b) and (8¢c) to calculate a set of velocities

n+l ntl n+l
Wil ik vi.j.'%’kand wi,j.k-l-%’ then compute 6i,j.k

from Egs. (9), (12), (13) and (15).
Step 2: Iterate the pressur,e field, (piﬁjl K’ until the following
'J)
equation is satisfied throughout the entire flow field

ot ol
[ * 10l T

€y

where €, is a small constant which is chosen to pro-
vide the necessary accuracy of a solution.

Step 3: Displace the marker particles according to their local
velocities,

Step 41 Adjust the boundary velocities and pressure of the newly
obtained flow field.

10
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3.2 BOUNDARY CONDITIONS

To facilitate the construction of the numerical scheme and direction of
the execution sequence, the following four types of cells are defined for identi-
fying the status of a cell in a computing cycle:

1. Empty cell (E): A cell having no marker particle,

2, Boundary cell (B): An empty cell whose boundary face
forms a portion of the wall of a container,

3, Surface cell (S): A cell having marker particles and
neighboring with at least one empty cell, and

4, Full cell (F): A cell having marker particles and not
neighboring with any empty cell.

Since there are many possible arrangements of empty cells around a surface
cell, a surface cell is further classified to 63 cases (see Fig. 2).

The velocities of a boundary cell are calculated to satisfy the conditions
of a rigid smooth wall. The velocities of a surface cell are computed to satisfy
the incompressibility property and the free surface condition of the fluid, Equa-
tions for computing the velocities of a surface cell are given below, and the
appropriate equations to be used in each case are listed in Table 1.

- $x J5x -
Sat e = Yok kT oy Vgt Vigebad TEe gkt T MR-y U9

62 Sz -
- 5w 4l T %ok, ,K) T By Vi, gtk vi,j-i,k) (7

u

R R A

. Sy . LSy .
Vi, jrhk S Vi j-hk T ox Mtk o1 k) “5a i, 5kt T Ve, g, ked) (18)

ox ox
= — . Y + == . - . 1
“i-%'j!k ui"'%pj»k * 6Y (vio.]""é"k v'-,]"’%.k) 8z (wi,_],k‘i'% wi, B k-’é‘) ( 9)

62

5z
Wi k-3 T Vi g, ket tox Uidd gk “i-%.j,k) * oy Vi, j+4, x ‘i.j-%.k) (20)

11
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Tablc 1
EQUATIONS TO BE USED IN EACH CASE

Cascs

Equations to be Used

1,5,11,15,49,59
2,7,10,50,55,58,63

4,14,52,62
8,13,56,61

16,21, 26,31,48,53

32,37,42,47
19

22

25

28

35

38

41

44
3,51
6,54
9,57
12, 60
17, 27
18, 23
20, 30
24, 29
33, 43
34, 39
36, 46
40, 45

(16)

(17)

(19)

(20)

(18)

(21)

(22), (23) and (24)
(23), (24) and (25)
(22), (23) and (27)
(23), (25) and (27)
(22), (24) and 26)
(24), (25) and (26)
(22), (26) and (27)
(25), (26) and (27)
(22) and (17)

(25) and (17)

(22) and (20)

(25) and (20)

(22) and (18)

(23) and (17)

(25) and (18)

(23) and (20)

(22) and (21)

(26) and (17)

(25) and (21)

(26) and (20)
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Yi,j-4k
Y4d, 5,k
Vi, i+ k
Wi, i k4t
Yi-lk

Yi,j-1,k

: by . 8y .
R b T R UL AL RS Wi, k-4

b1]

= Vv

L}

ui'%vj'k

i'j’%'k

W, . 1
i, i k-3

® Y45,k

W, . 1 =
i, j k-3

In a three-dimensional MAC formulation, there are also 12 possible configu-~

rations involving two empty cells neighboring with a free surface (Fig. 3). The

LMSC-HREC D225632

velocity component between these two empty cells needs to be considered in

order to preserve the no-shear stress conditior at a frre surface. The following

equations are used for calculating these velocities:

Case

Yit+d, j, k+l

Yi+d 5, k-1

Yitd j4,k

%4, 5-1,k ©

fuquation to be Used

(.Y

= Uil gk ax Mikl, g ked T Vi, g ke d)

) sz
Uird 5k T ox Vit g ka4

u 1

2

%1, k-4

- al -
i4d 5,1 7 8% Vikn, jeh kT Vi jeh K

Sy -
ek ik T ox Viel, jed k" Vi, ge
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Ll -& -
B Viel, jidk 5 Vi grh et oy (a4 41,k Y4, 5,x
6 v . =V, 1y - (1.3 (u -u ) ]
i+1,j+h k i, jthk T8y itd, 4L,k T Vi gk <
7 v CI - b2 (w, . L - Wy o )
i, j+3 k+l i, j+h k "y i, jtl, k+z i, j, k+3
N sz . ]
8 Vi, b kel = Vi gehk ey Mg ke T Vi g kY !
{
- &x 1
? Wil gked T Vi gkt T 8 Cied kel T Y5 |
10 w . 1] =W - Q’-" (u -\, 1 ) |
i+1,j, k+3 i,j,k+3 " 6z Vith i k4l T Tita ik
- Sy .
11 Wi a1, ked = Wig kel t ez Vi, -4 k4 Vi, j-3 k!
12

= A .
Wi el ked T Wi gkl T 82 Vi, ed ke Vi, j+1, )

The pressure of a boundary cell is considered to be equal to the pres-
sure of the neighboring full or surface cell, In general, a surface cell does
not carry a pressure unless it neighbors with one and only one empty cell, .

As shown in Fig, 2, there are six cases of a surface cell which can have a

pressure. These boundary pressures are defined below:

IN
<

(for cases 1 and 4)

il

‘pi,j.k x ‘“i+%,j,k - “i-%.j.k)

N O

2y
P55,k = By |
1%

vi.j+%,k - vi.j-%.k) (for cases 16 and 32)

n

il

wi’j.k 3= (wi,j,k-f% - wi.j.k-%) (for cases 2 and 8)

14
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3,3 DISPLACING OF MARKER PARTICLES

A volumc-velocity woighting scheme is used to calculate the velocity
of a marker particle. Figure 4 shows the mechanics of the scheme, and
Table 2 gives the formulas for calculating the velocity components of a
marker patticle in cell (K, J,I) or (i, j, k). At the completion of a computing
cycle each marker particle will be displaced by a distance Vv §t. The cell
status and the boundary velocities and pressure are then readjusted in ac-
cordance with the new flow field.

3,4 FORCES AND MOMENTS

The dynamic loads exerted by a moving liquid on its container are com-

puted from the following surface integrals

and

where F and M are the force and moment vectors, respectively, Notations
T and fi are the position vector and unit normal of a fluid particle on the
surface, respectively, In the MAC formu.ation, the integrals are evaluated
by summing up the quantities contributed by all cells neighboring with the
container wall. The loads are calculated at the end of one or several com-
puting cycles about the X, ¥, Z-coordinate system shown in Fig. 9.

15
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Saction 4
THE COMPUTER PROGRAMS

4,1 USER'S GUIDE OF THE LHMAC2 PROGRAM

A detailed discussion of the Lockheed-Huntsville two-dimensional and
axisymmetric MAC computer program (LHMAC2) is presented in Ref, 2, The
program has been modified to include the capability of simulating the transient
flow of a liquid in a shallow container., Variables to be used in preparing the
data deck of the LHMAC2 program are defined in Table 3, and the sequence
and format of the data cards are shown below:

Data
Set Format Variables
1 215, 3F8.3, IBAR, JBAR, DR, DZ, DT, IPHM, PC, ALP
215, F8.3
12A6 NAME
3 4F4,1, 8F8.,3 BCB, BCR, BCT, BCL, A, B, C, NU, EPS,
GR, GZ, VSCALE
4F10,3, 4110 T, TWPLT, TWPRT, TWFIN, LPR, NPRT3
5 1015, 2F8.3 TYPE, L1, L2, L3, L4, L5, L6, L7, NXB,
NYB, UL, UR
6 1615 NSGMTS, NJCl, NJC2, LQUDHT, NPRT2,
ISUR, ICYCLE, IPLOT, NGLVL
7 8F10.3 (RCOORD(I), I =1, NSGMTS)
8F10.3 (ZCOORD(I), I =1, NSGMTS)
8F10.3 DEPS, VEPS, DBETA, SIGNVN, STH, STR,
STZ, DS, COFST, RHO, THCKNS
10 8F10.3 (GLVLTT(I), I=1, NGLVL2)*
]
11 8F10.3 (GRT(I), I=1, NGLVLI)
12 8F10.3 (GZT(1), I=1, NGLVLI)
13 1615 (JHYB(I), 1= 1, NJCELL)**

¥ NGLVL2 = NGLVL + 1, NGLVL1 = NGLVL + NGLVL

ek

NJCELL - NJCI + NJC2
17
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~Set

14
16
16

ALP

COFST
DBETA
: DEPS
DR, DZ
DS

DT

EPS

f

GR, GZ
GRT(I),

IPHM

ISUR

- T H] -

L G

ICYCLE

1614
1615
215, 6FH.,3

LMSC-HREC D225632

Variablen
(THY I, T 1, NICRTIL)
(NHYI(I), T - 1, NJCELL)
NX,NY, XC, YC, XD, YD, U0, VO

Table 3

Variables to Be Used in Preparing the Data Deck of the

Variable(s)

BCB, BCR, BCT, BCL

.
ﬁ GLVLTT(I)

GZT(I)

IBAR, JBAR

LHMAC2 Program

Description
0.0, 0.0, 0.0

0.0

1.0, 1.0, 1,0, 1.0

surface tension coefficient

iteration step

0.25

mesh size in the r and z-directions, respectively
0.4

time step

0.0002

initial and final points of time intervals of the
equivalent gravitational acceleration

0.0, 0.0

equivalent gravitational acceleration in the r and
z-directions, respectively

number of interior cells in the r and z-directions,
respectively (see Fig. 5)

0
4

0, flat free surface; 1, curved initial free
surface; 2, surface tension effect included

18
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Variable(n
mnLoT

NITYTI(T)

LQuUNIT

LPR

L1, L2, +.ey L7
NAME

NGLVL

NJC1l, NJC2
NPRTZ2, NPRT3
NU

NXB, NYB

NX, NY

NSGMTS
PC

RCOORD(I), ZCOORD(I)

RHO

SIGNVN

STH, STR, STZ
T, TWFIN

THCKNS
TWPLT, TWPRT

TYPE

UL, UR, UO, VO
VEPS
VSCALE

LMSC-HREC D225632

'Dmu:rigi jon
1

used for dofindug 18 collo (nee Fig, 5)

liquid height (see Fig, 5)

0, no vclocity plot; 1, having velocity plots
0, 0, veey O

title of a problem

number of equivalent gravitational acceleration
intervals

for defining HS cells (sce Fig. 5)
0, 0

kinematic viscosity coefficient
0, 0

number of marker particles per cell in the r
and z-directions, respectively

number of segments

0, axisymmetric container; 1, channel-type
container

for describing container geometry (see Fig. 5)
Limitation: ZCOORD(I) cannot be specified to
cross a cell in the z-direction

mass density
-1,0
for defining a curved free surface (see Fig. 5)

initial and final time points of a problem,
respectively

1.0

time increments for plots and printout,
respectively

0, container with flat ends; 2, container with
ellipsoidal ¢nds

0.0, 0.0, 0.0, 0.0
0.04

scale factor of velocity plots

19
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Variahlo(n)

(XC, ¥C), (XD, YD)

Note that multiplo runns can be made, und exoention in torminatod by notting

IDAR = -1

Daseription

LMSC-HREC D225632

coordinatan in motors of tho Jowor loft and upper
right cornorn of a contniner having flat ends,
ronpoctivoly

Example; The datu deek of Bamplo Problem Iis shown below (also sco Fig. 6)

1A A2 PWIARTE NGIATE NN R6PR 20 0O 00
PROPFLLANT DYNAMICE == CASE | AXTSYMMETRICy M = Q79 M
1e0 160 140 140 D60 O 0a0 1.C -6 0eCOCZ2 000
NeN N DEPS O PR 101 i o]
)
in & g] 4 n o a -
; Ne0 Pe0 6o 90O 120 1560
: 1RO NeN
Ne0 060 06375 160 2¢0 3¢0
AP N P40
NePS Ne04 0 =1e0 Q440 270
NeNONN3B ANNGN 10
) ﬂ.n 0.00,’1‘7‘? ﬂ.-" ].]?R
5; -7 4R -e A N0 N0 DeN Do
11ea 11e4 11ea 114 060 Qe 0
1 o ! a &
1 1N 11 16 1%
Q ) 3 2 2
[ S
) n
g -1

4,2 USER!'S GUIDE OF THE LHMAC3 PROGRAM

The LHMAC3 program nceds approximately, but no more than, 64K
core space and four drum areas for temporary storage.

16675

geC

Ue0

The program can bc

used to simulate the flow in a rectangular container requiring up to 5000 cells,

The output of the program will provide the following information:

20

LOCKHEED - MUUNTSVILLE RESEARCH & ENGINEERING CENTER

9




LMSC-HREC D225632

e Plota of 3-D flow and 2-D velocity fields of a tranaient flow,

e Pronnura distribution on the eontpiner wall, and

e Dynamic loadn inducod hy the moving lquid,

A briof block dingram which shown the orgunization of tho LHMAGC3 program
it givon in Chart 1,

Data
Set

-

o W

7
}: 8
| 9
10
1
12
13
14

T

15

The sequence and format of proparing the duta dock of the LIIMAGS

program arc given below, and variables to be used are dofined in Table 4,

Format

1615
12A6
1615
1615
1615

1615

16F5,1
16F5,1
8F10.4
8F10.4
8F10.4
8F10.4
8r'10.4
8F'10.4

8r'10.4

ITYPE, IBAR, JBAR, KBAR
TITLE

LNTH1, LNTHZ, ..., LNTH?
NMPPUX, NMPPUY, NMPPUZ

(IoPT(1), I=1,16), (IPLT(I), I= 1,16),
(IPRT(I), I=1,16)

NGRT, LHT, NVPLT, (NSEGV(I), I=1, 3),
(JPLANE(I), I=1, 3)

(XV(J,3), I=1, NSEGV(J)){ RepeatJ = NVPLT
(Zzv(,I), I=1, NSEGV(J»} times
(BDRY(I), I1=1, 6)

(GRT(I), I=1, J1)"

(GRX(D), I=1, J2)"

(GRY(D), 1=1, J2)

(GRZ(1), I=1, J2)

DT, DBETA, DX, DY, DZ, EPSA, EPSD, EPSP,
EPSV, RHO, RNU, VSCALE, WALL

TIN, TPLT, TPRT, TCOMP, TFIN, TCPU

*I1 = NGRT + 1, J2 = NGRT + NGRT

21
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| Set up A Prahleam

Assign Marker Particles

I

Computo Volocitics

:

Adjust Velocities of
Boundary Cells

I

Iterate the Pressure Field

l

Displace Marker Particles

1

Check Cell Status |

il

Adjust Pressure and
Velocities of Boundary Cells

1

Calculate Dynamic Loads
and Generate SC 4020 Plots

tt

Chart | - Program Organization of the LHMAC3 Program

22
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Table 4

Variables to be Used in ¥Preparing the Data Dock of

Variable(s)
BDRY(I)

DBETA
DT
DX, LY, DZ

EPSA, EPSD, EPSP,
EPSV

GRT(I)
GRX(I), GRY(I), GRZ(I)
IBAR, JBAR, KBAR

IOPT(I)
IPLT(I)
IPRT(I)
ITYPE
JPLANE(I)
LHT

LNTH1, LNTH2, LNTH3

LNTH4, ..., LNTH7
NGRT

NMPPUX, NMPPUY,
NMPPUZ

NSEGV(I)
NVPLT
RHO
RNU
TCOMP

the LEHMAC3 Program

Description
1,0

0.125
time step

mesh size in the x, y and z-directions,
respectively

0.5, 0.25, 0.0001, 0.04

initial and final points of time intervals of
the equivalent gravitational acceleration

equivalent gravitational acceleration in the
X, y and z-directions, respectively

number of interior cells in the x, y and
z-directions, respectively

0 (or blank)

1 for I =1, 2, blank for all others

lforl=1, 2, 3, 4,5, blank for all others

1

velocity projection on Y = Jth cell plane
liquid height:’:e

equal to IBAR, JBAR and KBAR, respectively
blank

number of equivalent gravitational acceleration
intervals

number of marker particles per cell in the x,
y and z-directions, respectively

4

number of velocity plots per time point (max. 3)
mass density

kinematic viscosity coefficient

time intervals for computing dynamic loads and
pressure distribution on container wall

* Measured as number of cells

23
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1 Variables Dencription
2 ‘ TCPU numboer of CPU time allowed for executing this

run. It is used to save SC-4020 plots in casc
of max. time being reached,

TIN, TFIN initial and final timc points of a problem,
respectively
TPLT, TPRT time intcrvals for plots and print-out,
3 respectively
_ TITLE title of a problem
VSCALE scale factor of velocity plots
WALL 1.0
Xv(1, J), 2V(1,J) coordinates of container geometry in the x and
z-directions, respectively {measured as number
of cells).

Note that multiple runs can be made, and execution is terminated by
setting ITYPE = -1, Selection of time step DT is suggested to satisfy the

=] following two conditions:

4 I;l 6t < nin {6x, 8y, 62)

¥ and

: >

wor < lextlen® v (5n)*(6a)® + (62)* (o)

- B (6x)2 + (69)% + (62)*

B , Example: The data deck of Sample Problem II, Case 3, is shown below.

. 1 16 fa 14

1*’ PROPFLLAN Y SLOSHING IN A RFCTANGULAR TANK "

} ' 16 8 14 -

2 ? 2 !

: 0 3

! ! 1 ;
1 1 1 1 1 ;
? A 1 4 a a s 7 e '

i NeBl  16e0 1640 NGO
NGO NeN 14e0 1440

1.0 1e0 10 1e0 1.0 160
. NeN NeS Se0
: Re0 1eN 1e0 140
AeN Ne Mo e
: Ao NeO 040 040
N e OEPS Ne 1?25 0 ¢ 25 0425 N e 25 Oe& 0e2% Ne 0001
NsOa 10NN 0O NDeNONONT 0e25 160
[ ‘. NeO O NHE2SH 00625 040625 160 57060
" l .
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Scction §
EXAMPLES

Sample Problem I: Flow of a Viscous Incompressible Fluid in an Axisym-

metric Container

The container geometry and liquid height of the probiem is shown in
Fig.7. Material properties, time increment, iteration step and other param-
eters are given in the example of Section 4.1. Using the LHMAC2 program
the first second of the flow under the following g-level is simulated:

0

n

8y

n

8, 11.4 m/:sec2 (0<t < 0.7 sec)
=0 (t>0.7 sec)

Fig. 8 shows the flow and velocity fields of the fluid at selected times.

Sample Problem II: Flow of a Viscous Incompressible Fluid in a Rectangular
Container under an Arbitrary g-level

The flow of a viscous incompressible fluid in a rectangular container
is used as a sample problem of the LHMAC3 program, Many cases are
studied to show the influence of viscosity and g-level on a flow. Figure 9
shows the geometry of the problem, Parameters which arc used in model-
ing this problem are given in the example of Section 4.2, Some of the cases
which have been investigated are listed in Table 5. The flow and velocity
fields of the fluid are shown in Fig. 10.

25

{ OCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER

[

vt

> [




LMSC-HREC D225632

Tahle &
VISCOSITY AND g-LEVEL USED IN VARIOUS CASES OF SAMPLE PROBLEM II

Equivalent Gravitational Kinematic Viscosity
Casc Acccleration (m/secz) Cocfficient (mz/sec)
By 8y g,
' -6
1 5 0 -10 1x10
-6
2 5 0 10 1x 10
3 0 0 1x10°°
0.5
) (sec)
4 "6
s 5 5 10 1x10
| 5 5 5 10 1x 107}
) -3
6 5 5 10 1x 10
' 7 -0.1 1 x 10'6
' 0.125 0.25
- (sec)
X 26
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Scction 6
CONCLUSIONS AND RECOMMENDATIONS

This research effort resulted in the development of analytical tools for
“he study of propellant motion in tanks during a docking maneuver in space.

The axisymmetric flow computer program is capable of accurate simulation

of propellant dynamics in realistic shaped containers for docking loads aligned

parallel to the tank axis. For off-axis loads the two-dimensional program
provides a reasonable indication of propellant motion and the forces and

moments on the tank wall,

The pilot 3-D program can be used for the study of propellant dynamics
in a rectangular shaped container and can be developed further to study prob-

lems of a more general nature.

Propellant dynamics problems to be encountered in the future space
shuttle flights will be mostly of a 3-D nature, The lack of symmetry is due
either to the tank geometry or the acceleration vector. Development of a
computer program for investigating these problems is needed. Recommen-
dations of continued research effort to extend the LHMAC3 program for
studying the dynamics of liquid propellant in commonly us ed tanks are to:

e Include the capabilities of handling curved boundaries and
arbitrary initial free surface into the LHMAC3 program.

e Refine the current 3-D MAC computing technique for analyzing
flows having waved free surface,

e Develop a new numerical scheme of including the surface
tension effect for flows in a low-g field.

e Study the roles of viscosity and tank geometry in flows under
a wide range of g-levels.

27
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Fig. 1 - (Concluded)
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Fig.2 - (Continued)
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Fig. 2 - (Concluded)
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An Empty Cell
1 / i 2 i+l

/

T Bitd 5, kel

i+l

A

Surface Cell

Fig. 3 — Twelve Possible Cases of Two Empty Cells Neighboring
with a Free Surface
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Fig. 3 - (Concluded)
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U, . . .
i-3, j+1, i+, j+1,
do 4o k4
. . U. .
1-’%’, J» k"‘l- o . ;(:-.%—l’ )
p——
Yy

Fig. 4 - A Volume-Velocity Weighting Scheme for Calculating the
Velocities of a Marker Particle in Cell (K, J, I)

42




e

LMSC-HREC D2265632

*2 *)
U,
i""- j k U |
, u adok Uitk
% i"-i‘l‘b-)' k -H‘é' ok o Y e
1 )
m 1 R
ZZ L-_ ‘
. , Yy
’ Ur*";"t.]’ k-1 2 Uspd
i+a,J'l’k
-l e L el -
U, 1. -
i-3 s k-1 Ui-%,j-l.k
z y

i+, j, k-1

Uied, j-1, k-1

L

I U1 I -
Uié--é—,J-l,k iz, k-1
i . .
{
°
) T
’ Uied, 5-1, k-1
g - -—a
U, i1 .
i-3 -1, Ui-}‘,j-l
k-1 -1
; z y
Fig.4 - (Concluded)
43

(31




LMSC-HREC D225632

NOTE: Length is measured as number of cells

IBAR, STR

. e &ﬂ.«meW
| < R
N i ~N
i PRUTIS R . 1 .L-,)
AN B
1 |
v )
1 .
| . /
Ry
I ! Zan N
-
HH
” | l ; —
Lifui ,
E_. + N - ——
” | g
E | ,/// 0
=g _/ -
S! i // z
| e din '
R — p—— . C

LT

J;/* L1 b
1
1 *‘—-— g

JHYB(1)
) NHYB(1)

LHYB(1

n o

N\
\_ RCOORD(3)
)

7.
~ 1

0
.0

0 u

- ZCOORD(3

Fig. 5 - Variables to be Used in Preparing the Data Deck

of the LHMAC2 Program
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F
18

S F: Full cell
S S: Surface cell
S

]

S

S

S

S

s| |S

F|s | Fls

F|F|F|s

F|F|8ls

F|S

F|S§

F|8

F|F|s

F|Fls

F|S Initial free surface
F| S

F|S

F|Fls

F|F| F|s ——+

FIF|F|S =TT s
FIFlFr|IFls|FIFIFIF
FIFIFIFIFIFIFIFIF

F| F )

\— Surface cells containing a portion of
a curved bourdary

Fig. 6 - Cell Status of Sample Problem I att = 1 sec
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JRAR « 32

3
!

18

u

IBAR

)

r

|

1

5,03 m

0,736m

Fig. 7 - Sample Problem I — Container Geometry and Liquid Height
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Fig. 10 - Sample Problem II —

t = 0,5 sec (Case 1)

Flow and Velocity Fields at Selected Times
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t = 0.3125 sec (Case 2)

Fig. 10 (Continued)
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t = 0.5 sec (Case 3)

Fig. 10 - (Continued)
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[

‘ t = 0.875 sec (Case 3)

' Fig. 10 - (Continued)
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[

t = 0,34375 sec (Case 5)

,' Fig. 10 - (Continued)
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Fig. 10 - (Continued)
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t = 0,375 sec (Case 7)

Fig. 10 - (Continued)
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AT Listing of LHMACZ Program

IMAG N LOCKHETN-HUNTAV I LT 2D MAC PROGRAM (TAPT GI'N OIS IS AN 2R

VARG,

T LHMACD o T AAUMNH o LOCKHTTNMACRPROGIRAM

YREWIND | HMACD o

19 eny 0Ny

CLOCKHEEC HUNTOVTLIZE 20D MAC PROGRAM (L HMAC,y  Oak CORIE ARPACE )

EOR,
-
C
i
1 Hal
20
an
tFEOR

COMMAMAL 1/ A [ IRy D72y DTy THARY 1AMy JIEAIR S 0

| AL ELP00) ¢ ADCIDONY Y AYCEDN0) ¢ AACTANY e AGECIT00Y s ACLTT00)
D ATE1000) g ARCIOCNOY o AEIING s ATOETTON0Y AMLIEITDNY e AYPCET00 )Y,
AT () 000)

FOUTyALL NeT (AL o CAP U A LAV s CAG JUTILY « LAGOVTIL Y o CAHIFPST ) e
" ‘f\"hTHle‘\)o(/\ﬂol")o(/\chl‘ff')o(l\l”o“v)t(ﬁ\lloH)~(/\1}"0F-')o(l!l'ﬂ"o(“
INTERER Ay ANe Py PC

IMTEAED TYRU ()

PATA TYPEZ1P9H O 1IN PARER o PO¥AH /

FORMAT (. 15 e AFHed e 10 FHe)

CALL 1D ST (O TYPE)

READ 1o THARy JIIAR. PRe D74 DT IPHMy PCs ALP

[P RARED

JPPE JRARED

CALL cLKROUY

1ECIRAR)Y RNe2042N

CALL PROGUIP2 v IP2 FeUVUTILAVTILPST e THETAWDAKF e GoeHP Q)

cO TA 10

CALL ENDHJOR

STOP

NP

18 ens,en?

SUBROUTINE pROG(IP?CJPEOFOU!VOUT!LOVTlL.OF’SIOTHETAODQKFQGOHQPQQ)
COMMAN/L 1/ ALPs DRy D74 DT IBARe [PHMs JURAR. PCa

1 A1(1°00)e A2(1200) s AZ(12PCO)s A4(1200)s AK(1700)0 A6(1200)

5 A7(1200)s ABL1200)s AO(C1200)sy A1C(1200)s A11(1200) A12(1200)
Q Al 1200)

DIMENSION F(IPEOJPE)QU(IPZQJPE)OV(IPZQJPE).UTIL(IPZQJPZ)Q

1 VTIL(IF’?ch’E)QPSl(Ip?oJPZ’)QTHETA(IP?OJPE)QD(IF’EQJPZ)QKP(IF’E?OJPE)'
D CIIP2 P2 )y HUIPPWJP2) s PUIP24JP2)y QUIP24JP?)

DIM. ISTON BCLT(60)s BCRT(60)s NAME(12)sR(66)y RIP(66) - RMORP (66) +
1 ROc( "4)s RPORM(6E) s RRI(A6) RRPIE6)

DIMENSTON GAMMA( B0)s XBDRY( 80)s YBDRY( 80)s ALPHA(EO)s DL(8BO)
1 DPR(128)¢ FNUI2R)s FXL128)s FY(128)

DIMENSION ISFGRR(35) sy ISEGRZ2(3%5) 8 TDUMP(2) ¢ JHYB(30) e LHYB(2GD)
| NHYR(2)es UNIRO)s 1EMP(20)s JEMP(20) GLVLTT(21)1s GRT(40)GZ2T(40)
COMMAN/L 2/ RCOORD(3%5) ¢ ZCOO0RDEAS) ¢ XP10000) s Xio Y1

COMMON/L 3/ SP(aBP) s DSs STCe STHe STRe STZe STR2s 5TZ20 STRZ2.

1 QT2R2s NEP, LESFG(RY s LOFEGR(IH) s SMC(G49)

COMMAON/LA/ SPT(2)e DUMP(RI60) » NPRT3e CYCLEs INDSMPs LERRORs ISUR
PEAL N

INTIFAFR Ale AO, Fo PC

INTEGER CYCLE. TYPFe BNDs EMPs FULY LPBs Ot SURe HYWs HSUR
DATA BNDFLL ¢ SUREMPs0OBs HYBIHSURIWLEB/Z 142¢304¢54647410000/

D FORMAT(IHL 4 1PA6)

1 FORMAT(4F A1 ¢RFR D)

4 FOPMAT(4F1Ne34a110)

& FORMAT( ¢ IRAR= 114t JRAR=11340 DR=IFBe3e!  DZ=tFAe2! PT="

1 FRBer ! 1PHM= 1340 PCzt 17 ot ALP=I1FR 8

& FORMAT( BCR=R=T=L=14(FS5¢1¢1X) ¢ IXe 1A= 1FR¢R14X s " B=IFBeaAX e 1C=
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1 FR,I/? NuU=1¢ FQoﬂoAXq'EPSﬁ'FR.Go“X.'Gﬁﬁ'EQnﬁo' GZ=1EQDe 3)
7 FORMAT( ¢ Tt FBele TWPLTAt FReRe ! TWPRT=¢ FBa3s
1 ¢ TWFIN=tFAse ¢ LPR=v 17 ' TYPE=" 12)
A FORMAT(PIRAFA D)
9 FORMAT( NX= 0] 300 NyY=10134¢" HKOrIFBeR3eNXe tYCE1FBeB0 ! xXp=
1 FRe1¢BXeIYN=1FE ¢! LUDRIFARs 3! VORIFALR)
10 FORMAT( 'O MNX=0110% 415, PARTICLES IN SYSTFM)

11 FORMAT('0 PARTICLF STORAGF FXHALUSTFD 1)
12 FORMAT(IH] ¢ 12A6, 4Xe VY T APFE 1268y ¢ CYCLESY 1R 40 GR=VIPE 106
1 IEN(-3 E- X 8
13 FORMA?(&X.‘Y‘“XQ’J‘6X0‘F(IQJ)'HX0’U(loJ)'BXc‘V(loJ)‘?Xo’Pﬂl(loJ)’
1 B ITHETA(T A J) tEX DT )
14 FORMAT(AX«P(PX 1) e 1Be BXo S(PXVIPF1265))
18 FORPMAT(IALS)
16 FORMAT(//7 ¢ NSGMTS =t [3s BXe ¢+ NJC1 = 13¢ %y ? NJC2 =' 13¢ H¥%a
1 ¢ LQUDHT =t 134 5Xs *NPRT? 21 12¢8XetDEPS =t FBe245Xe ¢ VERPS =t
P F&.P¢ BXe ' DBETA =t FRe2// ! ISUR =1 [2¢ BXs ¢ STH =1 F6e2s 5Xo
2 ¢ QTR =! Fhe2+ SXe ' STZ =t FHe24 GXo ! NS =' F6e3e HXo
4 v 1CYCLF =t I3, aXe ' IPLOT = 12¢ 4Xe ¢ COFST =t FQe6//
& 1 PHO =' F1C,4,4 5Xe ' THCKNS =t F542 « 5Xo ! NGLVL =t 13//7/
& ' VALUES OF RCOORD(1) ZCOORD(1)e GLVLTT(I)e GRT(I)s GZT(I ) JHY
Ir(1y, LHYR(1) ANN NHYR(1)Y )
17 FOPMAT(// (1A1R))
12 FORMAT( ARF1N)
10 FORMAT(!t T=:1FPS1P¢Ret CYCLF=1154! ITFR=4¢17)
2n FORMAT(I101ISR«PFR)
21 FORMAT('0 CYLINDRICAL COORDEe ALLOwS NO INFLOW!)
29 FORMAT( 'O NO OR]T OR 1/0 BOUNDARIFSY)
23 FORMAT( TYPE=t]2e ¢ Li=t]8,0 L2=t18,40 L3=t15" La=t15s
1 ¢ 521151 L6E=1I5et L7=115e0 NXB=018et NYBz11Set UL=tFBe3e
2 0 1IR=tFR )
24 FORMAT( // (16F8e73))
26 FORMAT(///7 + *#%% DIMENSION CHECK #%%% 1 85X, las F10e5)
RFEAN P+ NAMF
PEAD 3, HCB.HCQ.RCTQBCLQA.PQCQNU'FPQQGQOG70VSCALE
RFAPD 4+ Te TWPLTs TWPRTs TWFIN, LPRs NPRTC
RFAN 20+ TYPFeL1eL2+L3eLa4sLBsLEILT7INXINYBsULWUR
1F(PA FNRe N) RCL=teN
PRINT 2+« NAMFE
PRINT &Ko 1RAR ¢ JRARIDRINDZ«DT o IPHMIPCALP
PRINT 60 BCR+«BCRBCTBCLsA¢BeCoNUIEPSIGRGZ
PRINT 7¢ To TWPLTe TWPRT, TWFINILPRS TYPFE
IF(TVPF «NFe 2) GO TO 27
READ 15¢ NSGMTSe NJC1e NJIC2 LOUDHTs» NPRT2s 1SURe ICYCLE IPLOT

! NGy VL

NG 1 = 2%NGL VL
MALVE 2 = N VL 4+ )
1N = 1

NJCEI L = NJCYL & NYCR

PEAR 18 (PCOORMN(T) 4 I=1¢MAGMTS)

REAM 18, (Z7CO0RN(TI) ¢ 1=214NSCEMTS)

REAR  18¢ DEPSs VEPSs DBETA. SIGNYNe STHe STRe STZe DS COFSTa
1 PHA, THCKNS

PEAR 18, (ALVLTTII) o« 121 4NGLVL?)

RPFAM 18, (CPTIIYel=1NALVL D)

DEAR 186 (7T el=1eNAGLYVLLY

PEAR 18, (JHYAR(D) 4 I=1eNJCFLL)

REAF 16, (LHYR(I)sI=14NJCFLL)
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PrAN 10e (NHYS( 1) o171 o NUCFILL)

PRINT 164 MRGMTS. NJCle NJCPe LLQUDHT s NPRT24 DFPSs

1 I15URs STHy TR ST2¢ DS 1TCYCLF IPLLOTs COFSGT
PRINT 24, (PCONRNETY) o 121 ¢NACMTR)
PRINT "4 (ZCOORN(TY a1~ NEAMTE)
PRINT Phie (CLVLTTOD) o Ir1 «NGLYL?)Y
PRINT Ofis (CGRTEIY oI eMGLVILY)
PRIMT fy (OZTOI) o171 oMNGLVE Y)Y
Ae FADMAT(// (10F1264))
1CASE o 1
PRINT 174 (JHYROT)Y o T o NICFLL)
PRINT {74 (LHYRETY o T o NUCTL L)
PRINT 17, (NHYR(T) o121 aNJCTLLD
NARETA = DRFTA/NY
| FOoRAM = N
27 CONT N IF
¥=PC
¥ = ARXFLOAT(1-PC)
NO Pa T=141P?
RIP(1)Y=X+Y
PRP(tY=1e/RIP(1)
R(1YePIP(1)=e5S¥*Y
RRICII=1e/R(T)
V=840 ( 1)
PMORP (1)Y= (7=Y)/(7+Y)
PPOPM( 1) =] o /PMOBRP( 1)
20 X=¥X+v
1Pi=1AAR+H]
JP 1= RAR+1
1 PHM= 1 PHM4 ]
PAR= /NP
PRRP =PNRXRNP
PN?=1 /N7
RN72=RNZ7¥RN?7
NPRON7?=NP*RN7
NZ0NM=NZ*PND
PARAZ=PNRXRNH7
COF 1 224 ¥*NUI*RAR
COFP2=2 ¥NLI¥RPD7
Wz (] o +ALPY /(Do ¥ (RNP2EPNT7 D))
NTOND=NT*RNP
NTAN7=NT#*RN7
TPL.T = TwOLT
TPRT = TWPRT
TP T TRLT + T
TWPRT = TPRT + T
cCvclLe=0n
T = T 4 NenrANNY
C TO SFT Up THE MARGINFS OF THE GEOMF TRY OF THF PROHR
XR=1MADRND
YT= JRARENT
YfFE = RAR
YE = JPAR
IRPPer = 1023/AMAXN (TBARYJBAR)
N1 = DRIRAR
TF(Pr oF0e 0) IRPPC=1023/AMAXN (N1 ¢ JRAR)
PEECEL = S AAT(IEPDC)
IPACTD = [RANR®IRPDC

"
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JRAeTR = JRARR IROPC

I¥l, =~ (1ND2 -~ IRACTR)Y /O
I¥D = I¥L 4+ 1RACTR

IYR = (1NP23 -~ JRARTRY /P
YT = Iy + JRACTR
IRTANNRCTATING o3 RO (2 4]

NO 2n 11 ¢1P2

F(le)) = &

0T ey 1 DN

VIlae gy © NgN

UTTL.(Ted) = NN
VTIL(TedY = N0
PEI(14J) = NN
THETA(4.)) = NeO

NlETagy = NeN

¢ TO GPFCIFY BPRNY AFLLS AND HYR CFLLS

1

1

NO 3y J=14JP2

F(le)= 1

F{IP24+J)Y = |

IF(TYPF «FQOe¢ 2) GO TO A3
NO 15 1=241P1

F(Te1) = 1

F(TeP2) = 1

CONT TNF

IF(TYPF oNFe 2y GO TO A7
tIEMP (1Y = TRAR

JFMP (1) = 1

Ny = 2

NO e N=1 NJUCFLL

N2 = 1P1 = LHYB(MN)Y = NHYRB(N)
IF(ND oL Te 1) GO TO 38
IFMP(NT)Y = N?

JFEMP(NT1)Y = JHYR(N) + 1

N1 = Nt + 1

CONT INUIF

IFMP NIt Y= TRAR

JEMP (NI1) = UPD?

NPEMAA = N

INRepnp = 0

IP3 = TRAR 4+ 3

IH = 1P2/2

IH1 = IH 4+ 1

NSGMNTH = NSGMTS/2

JH = p2/2

COF = ARPARADHNR

IF(PA FOs 1) COFR=THCKNS

YH = (JRAD/DP
YH = [RAR/?
YW = tRAPR

1F(Pr oFQe NY) XHzNGO

NO e W= NICFLL

J o= JHYR((NY 4+ 1

N1 LHYBP(N) 4+ 1

N> LHYR(NY 4+ NHYR(
FUIP24J) = FMP

IF(Pr oFQe 1) Fl1eJ)=FMP

NO e 12Nt M2

1E(Pr ¢FQe 1) FIPI=T4J)z=HYR

"
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AR F(Ta.0) = HYR
OTRP o CTR¥¥D
AT77 = OT7%¥0
QTR7?92 n |TPA/AT7D
CT?2000 o QT72/2TR2
ATC » Q/TH + ST/
17 CONTINUF
¥ 1 A TIEOART(ARR(GRY #¥R )
Y 2 AdAMRCOARTIARG(GZ )Y XY T)
PROLI = AMAX 1T (¥ oY sUL oLIR)
NO A )=l e JP?
RCLT(JY=RCL
POe( Jy=16N
an KREHDT(.JY=NCR
K=
NP =0
IF{TVYPFeFNelY GO TO 100
PRINT 2P
C TO AGSIGN MARKFR PARTICLFS AND INITIALIZF U(TeJ) AND v(14J)
40 RFAD By NXANYeXCoaYCoeXDa¥YDalINVr
IF(NYFQs0)Y GO TO AO
PRINT 9s NXe NYe XCo YCo XDe YDe UNs VO
XTF=1 ¢ /N¥%
YTF=1e/NYVY
Y=y Tey &
NROU = AMAX1 (DROUWABS(1JO)+ ARS(VO))
IF(TYPF oFQe P2} GO TO 141
YC=XraPRNPR
Y=Y ~*PN7?
¥ =XN#RNAR
YD=yYR*RN?
SN YX=xTe# 5
S8 CONTINUIF
IF(XeGF e XC o¢ANDeXel.ZeXD e ANDeYe GF e YC o
%* ANDJYelLFe¥YPD YGO TO 6D
O T 70
= - 60 T=%+2,
- J=VY4+2,
IF(F(Tead)eFNOBRYAO TO 70
XP(Ky=X
‘ YP(K4+1)=Y
i i K=k40
¥ IF(K «GTe LPRY GO TN 75
NP =NP+ |
Ftle)=FUL
IF(F (141 4J)eEQeBBND) Ulled)=UlT e JIRROSIII+UNH (1o ~ROS(J))
!F’(F(I+1oJ)oN‘-‘oBNU.AND.F(I«F\vJ).NF’.OH) (T4 J) =0
TE(F (1=14J) eNFelIND e ANDeF ( I =1 4J) s NF o CF) W T=1eJ)=U0O
YF(F(IQJ"’l)QNFQHN(joﬁNT)oF(IQJ“‘l)oNEoC'H) Viled=1)=vD
TE(F(TeJ+1)aNFJBND) V(T J)=un
70 Y=Y 4YTE
IF (Xl . Te IRARYICO TN KR
Y=VY4+VTF
1F (Yl . TeJRARY GO TO &N
a0 TA an
78 PRINT 1)
RPFTUION
HA IE(DROL oGF e NeOCONDTY DROU=ZVSCALFE*DR/DROYY
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PRINT 104 NP
ASEIAN 2RO TO KPFET
GO TN ALK
TO COMPUITE THF RASTER PRPOINT COUNTS ASSOCIATED WITH THE GEOMFTRY of AN
INFLOW=OUTFLOW AND/OR OH PROMe AND TO DEFINE Of CELLS
10N IF(Pe 4FQe N oANDe LI aGGEe 0eNO1Y GO TO 120
PRINT P3¢ TYPFe L1y L2¢ L3¢ L4 LSe LBe L7¢ NXBe NYBe ULe UR
IF(L7eFNaNY GO TO 107
L=l m4e?
1R=l. A+
JTF = 741
PO 1na JeP o JTF
NO 1A4 =1L IR
104 F(143)=0R

1IN 1LY = LI#IPPPC 4+ TYR
1L = LPHIRPRC 4+ 1YRA
1L3 = LA¥IRPPC 4+ 1VYR
1L4 = LanIRPPC + 1VYB
ILE = LS¥IRPPC 4+ I¥L
1IL6 = L6E¥IRPPC 4+ IXL
1IL7 = L7#IRPPC 4 1VYRB

XN1IS = 0e5/AMAXO(NXRBe 1)
YDIS = 1 0/AMAXQ(NYRs1)
YFIR=(+5*YNIR)+L]
MIN=MYRE(L 2= 1)
COLS=N,0
PO 11N U=l 4JP?
1IF(JeGF e (L14+2) s ANDeJoLFe (L2+1)) GO TO 107
106 IF(JeGF e (L342)eANDeJeLFe(L4+1)) GO TO 109
oo TA 110
107 U(1a))=110
RCLT(JY==1e0
GO T 10A
1N (IR 4J)=UR
RCRT(JI==1a
IFLUP ¢GFe NeNN1Y GO TO 110
RrOc( )y=0,
RCRT(JI=1
110 CONTINUIF
O TA an
120 PRINT 21
PETUION
COMPUTATION OF RASTER PT CNTSs INITIALIZATION OF VEL COMP AND ASGCGMT OF
MARKER PARTICLES FOR FLDS IN AN AXISYMM TANK wlTH ELLIRPSOINDAL BKHDS
141 CONTINMUE
O 1 el N=l JsNEAMTS
1SEGDRINY = RPPCL LA#RCOOPH (M)
[QFEP2 (M) RPOCIL #7COCRNDIN)
1aFCOPR (NS 1aFCPRINY + XL
1641 1SFAaP7(N)Y 1eFARZIN) + VYR
1eFAnR(NCEMTaL 1Y = [SFARP (1)
1at'an?(NeAMTSe41)Y) = TRFAR7( 1)
MY = N
NP2 =
HTtE S0n _OHnHT
NEGMT Y NEeCMTS -~ )
171 N1 = MY+ 1
M2 = M2 4+

it

1o

i

L ol



1773

174

178

178

17&
177

179

1AN
1o
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ACSTIRN 177 TO KRET

7 o= DCAOPND(IMDY —~ RCOOPND(INT)Y

. =~ RCANRN (ML) ~ RCONPD (MDY
IF(ARR(7Y) oTa NgNNNTY GO TO 177
AN 174 TO ¥OCT

YN - PCONDRN MY Y

a0 T KRET

¥C m (ZCO0RD(N2Y ~ ZCOORDIMNIYY /7

YO = ZCO00RN(IMYY) ~ X¥CRXRCOORMN(NG)
IF(ARS(IIL Y ol.Te NeNONYY OO TO 179
¥O16 = (ZCEOARNDINDHYL) =~ ZCOORDINDYY /UL
YR1G = ZCOORNINPY = ¥DICHRCOORN(NS)
YO = (Y = YC)Y/XC

7 = (Y = ¥YNISHY)/¥NIS

TF(Y o«OTe 7C00RN(IND2YY YN=AMAXT(¥De?)
CONT INUIF

WY o= AGRENTF

IF(ICUR «GTe O oANDe Y o¢GTe STH) CALL FCTN2(XeXTEY)
¥ = v + ¥H

IF(X «GTe YNy CO TN 177

J = 0N 4+ VY
1T = 240 4+ X
XP(Ky = X
XP(K4+1) = Vv
K = e 4 7

IF(Pr +F0e N)Y GO TO 17R
XDy = YW = XD(k=D)

XP(K41) = VY
¥ = w 4+ P
NP = MDD 4+ )

IF(K oGTe LPRY GO TO 78

NP = NP 4+ 1

IF(F(14J) oF0e HGUR «ORe F(lsJ) «FQe FUL) GO TO 177
viTegy = VO

IF(F(T+14J) oNFe 8ND) U(TeJ)=UD
IF(F¢T+J) oFNe HYR)Y GO TO 176
F(Teyy = FUL

~nn T 177

FlTa0Y = HSUR

¥ = v 4+ ¥TF

1F(XY ol.Te XN GO TO 175

Y = Vv + YTF

TFLY oCF e HTL . OUNY SO0 TA 179

IF(Y ol.Te ZCONRN(NSYIY GO TO KRFT
GO T 171

IF(Pr oFQe M) GO TO 18]

MaCMTY = MEOMTH

N = (P2 4

NN 1an U=t 4Je>?

FOIHG) = FTHSY o)

IF(E(THWJ) oFQe HELIR «ORe F(IHJ) «FQe FUL)Y UCIHeJ) =L
RO 1e0 T=THT . 1P

1P 2=T o) = (T4
VIIPAa=T o) = V(T
FIPA=t o) = FT4J)
Nt = N
NS =
M =

tt
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CIGN = 140
N = 0
1A NA = MA +
1R RION ~ ~1 aN¥C TGN
NMARHAL P = N~
IF(NA oGy D) GO TO 18N
YOANRV MY - PCOOPD(NR)
YOANPDVINAY = ZCOORNDINDY
M = M 4
(NI NMRAOMTH 4+ )
1RE MY MY+
MNP = NP 4 ]
IF(NA oiTe NAOMTEY) 6O TOH 107
IF(DA oFNe 1| oANNe NP ¢GTe N&) GO TO 197
7 = COOPH(IND)Y) - RCONPA(NM])
IF(ARC (7)) oLTe NeNNOT) RO TO 1R
IF(CIAN oL.Te Ne® ¢ANN, 7 oLl Te NaNN1Y AN TO 182>

1

0

1RA YO = (ZCOOPN(NRY = ZCONRNDINTLY)Y /7
VEC = ZCO0RN(NTY = XCHXPOOORND(NG) '
¥P = RFOORN(ND) 4 NeNANTI*STAN
. N4 = PCOARN(INT) 4+ Ne0ONNY
— IF(C1AN «GTe Ne&) NA=ZRCOORN(N1I+0e9909
’ ? = N4

177 7 = 7 = SI16GN
IF(S1I6GN) 10N, 1RG4 1R
180 [F(7 «.Te ¥N) B0 TO 103
cO T 191
10N IF(7 «~Te XNy GO TO 197
191 XRBRNPY (N 7
YBDRV (N Z¥XC + YC
N = N7 4
N TA 1RY
107 YRANPY (N7
YRDRY (N
ﬁ' N2 = N7 4+
i fO TA 1R85
o 197 NBPRYP = N3 - ?
. IF(NE +LTe 2) NBPRYP=NRDPRYP-1
S IF(MEC oF0e 0O) GO TO 203 Lon
NARDRYR = PERNRNDPYD
N N - ?
J = N7 =)
PO 201 I=14N
J =) -1
1 ¥RDRY (N7}
i YARDRV (N3
: 201 N7 = N3 4
207 CONTINUIF !
Nt = 0
NO 211 Nzt yNRHPYP |
ML = NY O+ )
M2 o= MY+
e YAPPY (N2)Y = XPRDRY(NT)
TE(ARGIXT) oGTe NegNONKY O TO 207
NT = NY 4+
M MY 4+ 1
% XRNPY (NP) — XANRY(N1)
207 YC = YRNRY(N2) = YARPRY(NI1)

—- i n

1t

PCOOPH (NP
Z7COOPD (N2

f

Xw = XADRY(J)
YanRy(J)

—~ i3 n

U]

i

A-8
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AM.PHA(NY = ARI(YC/XC)

ALPHA(N) = ATAN(ALPHA(N) )

NEANY = SARTEI(XCXRND) XD 4+ (YCRDZIXXED)

[F (% oaCGTa Na0OY N TO 70Q

¥C m ARCUXC LY

CAMMA(NY = ATAN(¥C) + Te1416A

IF(Yr ol Ta NagY CAMMA(NY nEaPRAP=ATAN(XC)

~TA DN
MO KO = AN (YO LY

EAMMA (M) = ATANIXC) 4 1eR70R

IF(Yr olTe NeNY GAMMA(INY 21 ¢ R70RATAN(X()
P10 XBNRY (M) = NS X(¥YRNPRY (N1) + XBPRY(N?))
P11 YRADRY (N = 088 CYNNRY(NT) + YBDRY(N2))

IF(IEUR oL.Te 1) 6O TO 218

CALLL ACCaNMD(YH)

TF(Pr o Ne Y GO TO 218

. '("'-‘1
L = 2%NEP 4
1 , M o= aRNePR -
¥ = 1RAAP

N 2497 =1 (N3P
! SPT () = X = SP(M)
) CPT(w41) P (M41)
apPT( ) = SP(K)
SPT( 41) apP(K+1)
4 e + P
L L+
P1AI M = M- P
NGP = 2#N&P
¥ = 4
PO 214 1=1.N8P
G APy = SPT(K)
? EP(K41) = SPTIK+1)
Pla K = v 4 7
R P1R CONTINUF
IF(NDEMPC +CTe 2P0) PRINT 216
: 216 FORMAT( /// ¢ ¥%##% ERPOR == NPEMPC EXCEEDS 20 IN DO=-LOOP 35e )
L A PRINT 210, NPEMPCy (IEMP(1)41=14NPFMPC)
: |§ 218 FORMAT( //7  VALUFS OF NPFMPCes IFEMP (1) AND JFMP(T) ¢ 10Xe *NPEMPC Coee
5 d 1 =1 137/ (1A1R)) i
PRIMT 174 (JFMPR(TY e 121 NPFMPC)
NRDCLI = NADRYP 4+ JRAR = NJUCFLL
IF(Pr oFNe 1) NAPCLL=NPRNCLL+JRAR=NJUCFLL
PRIN™ 210, (ALPHA(1) s 1=1NBDRYP)
210 FORMAT(// ¢ VALUFS OF ALPHAINY AND DL(N)Y » 2/ (16F8e3))
PRIMNT Pae (DLET)e1=1NRDRYP)
PRINT 250, NRPRYP. (¥RNRY (1) s 1=14NRHDRYP)
220 FORMAT(/77 Y NBDRYP =+ la//7 ¢ VALUES OF XBDRY(1)s YBDRY(I) AND GAM
IMA(LY v 2/ (16FBe))
PDRINT 244 (YRDRY (1) 4121 ¢NANRYP)
PRINT 244 (GAMMA(1) s 1=1«NRADRYP)
PFRIMT = FLOAT(JRAR = NJCFLIL)I¥N?
IE(Dr oFNe 1) PFRIMT=P*PERIMT
NN 209 1=14MADRYD

Fr

1]

nou

N

r

PRD PERIMT = PFOTAT 4 DN
NT =
NP = 1
N =2
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Na = NRDCLL
NG = NMJICY 4 0
N7 o~ P - NJCR
IF(Pr oFDe 1) NE=THIHY
' NACLY ~ Do ¥NL (1)
AIRYNPDCIZY = PERIMT ~ DR
NN 2af JrP e JPt
NO "ol 1oNMP, 1P
Lo s |
1IF(J ¢GTe N7) KrlIP1+NP=]
MO = F(k 60))
GO TO (PPOHVPPAIRPAVIPHPPEIP2342P3) ¢ NO

APNT = N4+
N o= N+
NG = Ng - 1

ARIN=) = DI(NA=1) 4+ O &E*(DLIN1I=1) + DLIN1Y)
IF(Pr of0e 1) DR(NA)SPFRIMT=DR(NG)
; r~O TA PPA
nmA TF(K oNFe IP1 oORe J oL Te NA «OPs J oGTe N7) GO TO 226
N = N7 4+ 1
Na = Ng - 1
PR(NR) = DP(N2=1) + N7
IF(Pr oF0e 1) NPR(NA)=PFRIMT=NR(NT)
nPA CONTINUF
IF(Pr o«F0s N) GO TO 40
N1 = N1 + 1
N = NRACLL/?
PRINY = DA(N=1) 4+ O¢S¥(DLIN1=1) + DLIN1))
DE(N41) = DRIN) 4 0e8¥(DLIN1) + DLIN1+1))
CALL. cLFOUT
- O TA AD
i C TO INPICATS FUL AND aUR CFLLS
: c COMPUTATION OF FORCES AND MOMENT —-- MOD MAy BE NEEDED IF DR NE DZ.
~ MOMENT e COMPUTFEN AROUT TANK GCe

. 2650 CONTINUIF
E IF(T oCTe GLVLTT(INDGH1)) INDG=INDG+]
N1 = o®INDA
0 TEMPY = GLVLTTCINDG+1)Y = GLVLTTCINDG)
k GF = GRTI(NI=1) 4+ (T = GLVLTTCINDG))I*(GRT(N1) = GRT(N1~1))/TEMP]

G7 = GZT(NI-1) + (T - GLVLTTCOINDGI I ¥ (GZT(N1Y = GZT(N1=1))/TEMP]
A nNO Peme Jzi ¢ JPP
t AO Pes f=141P2
2N YN D] NeN
Q(leN) NeN
\ PRE KF(14Jy = 0O
IND = 1
IMPFEY =
1TFRP = N
I TFRPUN =
NPT=0
=1
PST =P (K)+ e
; JeXP(K+1 )+
o KE( 1)) =X
WziK4n
NOT =0T 41
o IE (NPT TeNPYAND TO PE7
; IF(TVYPE «NF e 2) GO TG P60

[T ]

1

o

A-10
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NO 2rA Jel edPP

IF(F(1PP.J) oFQe NANDY AN TN 2GR
FOIPgg) = FMP

FECIPP ey » O

IF(Pr o Ne NY GO TO 20A

F(le ) = FMP

kr:( ‘ .t,) = N
ora CONT M
[aInapn 0 THNCMPD 4 1

PO se ) g MPTMPCe
W M)
MY o 1P e [TMD (L))
nNO 20 TN TN
(] ev) = MO
KFFE(la¢y = 0O
IF(Pr (FNe NY GO TO 2509
F(1Pa=14k) = FMP
FE(IPA=1 k) = O
anen CANT N IF
PAA CONTINUIF
THO MODIFy THE VFL COMP OF A NEWLY CREATED FMP OR HyB CELL
nNO 2ae J=DeJPY
MO 28 120,410
NO = F(l4J)
GO TO (265420654261 ¢2654265¢2654¢263) ¢ NO
PA1 IF(KE(T4J)eMNFeNY GO TO 265
F(leg)=FMP
o0 TA PR
P2AR IF(KE(T4J) oNFe N) GO TO P6E=
FlleJ) = HYR
P64 IF(F(1+14J) oFQe FMP (OR, E(l+1eJ) oFQe HYR) UC14J)=0e0
IF(F(1=14J) oeFQe EMP LOR. Fll=14J) oFQe HYR) UllI=14J)=0e0
IF(F(laJ41) oFQe FMP «ORs F(leJ+1l) oFQe HYR) V(I4J)=0eN
IF(F(led—1) oFQe EMF +ORe F(leJd=1) oFQe HYR) VIlaJ=1)=0e0
PHEE CNHONT IMUF
TO &FF IF A SUR-CFLL SHOULD BECOME FUL+OR A FUL-CELL SHOULD BECOME SUR
N 290 J=2,4JP1
Nno 2920 1=Py1P1
IF(KE(1+J) oFQe O «ORe F(lsd) eGEe OB) GO TO 270
Nl = n
IF(F(I+1.J)oF0.FMP.OR.F(I-qu)oEOoEMPoORoF(IoJ+l).EOcEMpoORo
1 Flrad=1) oFNe FMP) Ni=1
IF(F (141 eJd)eFQeHYR «ORe F(l=10J)eEQeHYEB o0Re F(leJ+1)eFQeHYE «ORe
1 F(led=1)eFNeHYR) N1=1
NO = F(14J)
CO TA (P70 2P67¢2PARY ¢« NO
267 1F (MY oFQNe 1) F(lTed)=cUR
N TA DTN
"HAR IF (M) oFQe NY FlaJ)=FulL
27N CONT INUF
ASe 1N 20 TO KRFT
IF(TVYDF oNF,e 2) GO TO 650
IF(1ElR L Te P eNRe LFRROR oNE s )y GO TO 60
CALL. CURVYF
IR (LERROP  (NF, Ny N TOH ARN
MPT = 2ENSP - |
Wy = N
(a]

o o=

$
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3l =
NO 27 Kol oMPT 2
1 = eP((KY 4 2a0

Jon ePB(F41Y +Pe0
IF(1arNakK] oANNa J oFQae K2) GO TO 276
MO - (T ed)
cO TN (.'-‘7(\9::'70q?'7/80?7f\.7’7().?7(1.7"7/4). MO
AN X/ B |
LARA N S |
CALL FORCT (Vo 1 ol D g Vg G4 e DTHH TV
1Py oNTe O) R{FAGI) = CTLRCOCAT
IF(FE ¢CTe NY O(14D) CTURCOFeT
SO COMT Y RNIT
N T oeveLE
IE(Nel Qell o0ORe Motifde 2 a0Re Neb QedD «ORe MNelQe0 sORe NefEQe80)
1 CA TO 077
GO TA ARN
NTO PRINT 27R. CYCLF
P70 FORMAT( // ' #%¥%x CHFCK P(1¢J) AND Q(14J) #%¥%%110%Xs 'CYCLE =t 14)
NO "=20 =1 JP?
No= )
270 PRINT 14844 (P(1N)aT1=141P2) 0 (QCTeNYoI=101IP2)
nOn TA AEN
P2An IF(CVOLFoNFeNIGO TO 3NN
INTTIAL C©lLIRFACFE PRESCURF
N 2an J=24JP1
NA 2an 1=1PHM, 1P
IF(F(1eJ)eFNeSUR) THF’.TA(IQJ)=(A+E‘*COS(C*(J—1oB’)*DZ))/DT
200 CONTINUF
COMPUTATION OF PSEUDOPRESSURF OF SURe HSUR. FUL AND HFUL CELLS
200 1CHF e = 320
MNA 2en J=24UPY
™D AN 1=2,4101
IECINDFX oFNe 2 oANDs F(TaJ) eNFe HSUR)Y GO TO 320
IF(INNEY (FNe 2) GO TO A
IF(CVYCLE oNiFe 0 oANDe F{1aJ) oNFa HSUR) THETA(l+J)=0eD
IF(F(Ted)eMNGSURIAN TN 2N
IF(F(1eJ) eNte HRUIPY GO TO 318
a0y N=n
IF(F(141eJ) oF Qe FMP LOR, FCl4+)led) oFEQe HYR) N=N+1
IF(F(leJ+1) oFRe FMP (ORe Ftled+1l) oFQe HYR) N=N+2
IE(F (1=14J) oFQe FMP 4OR, E(l=14¢J) oFQe HYR) N=N+4
IF(F(laJd=1) oFQe FMP LOR, Flled=1) oFQe HYD) Nz=N+AR
IF(NPRTeENel oANDe NeEQeO ¢ANDo CYCLE+LTed) PRINT 6560 TeJe ICHECK
IE(N oFNe Ny AN TH 17
cO TO (30“031003?”130q01700ﬁ200320931003?093?093209320972003209320
1 Yo N
Ane THETACT o) =THETA (T4 I 4+COF1H (U] ¢ D) =UCT=14J))
act TR Ape
AN THETALT e JI=THE TAL T4 IV 4+COF2R (VT e )=V ITed=1))
~AOOTA 20N
218 IF(F(1eJ) oNFe FULY GO TO aPn
IF(TVYPFE oF e 1 oANDa R oLFo 0e0N01)Y GO TO 7320
M7 THETA(T «J) = G7H(J=1e5)1%¥D7 + GR¥(1=145)*¥DR
O TA 00
11 NN 1N =] ZJNRAPDYD
N1 = YROPY(KY 4 PN
MO = YRADY (VY 4+ 240

A-12
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IFCT o 0e NI «ANDe J ol Qe NP e AND s TDNUMP(K) oEQs ) THLTA(Lad) =
1 THETACT o JYHC TOMYMEDDTTAXYN (F)
1A CONT MU
N COMT INMN
IFCIMPEY M0 DY GO TO 600
ACC LN A0 TO KRECT
TO COMPLTE THFE JUST-00Te 10T TGTE. VEY CoMp
AN [CHEPIe = 44
N Yaa 10060
NO a0 e 10
10T (e Y elOaLIRYOO TO a7
IF(E o) abMfTs HOLRY GO TO 44
A94Y) M = N
TEAF T4 od) ol Qe | M 400 [
IECE (Tachd) oF0e M oO)dy IF
TP T=1qJ) ol he MY o(M2e |
IE(F (el ) of'e FMP oORe F
IFAMPRT Aol Nel oAMDe Mol Qald
1FE(N oFDe 0y N TH 44
cO To (’43’*0’?.’%7‘303(44'37'43.."%'430:1330.’344033‘3033.’\03330.‘?4403330."\3303330
1 344)e N
3979 [F(F(leJ41) " Qe FUL +ORo FlleJd#tl) oFQe GUR eORe F(laJ+1) eEQoe
1 HELIRY GO TO 7y
GO T 217
334 GO TO (3255033’7034qu300313‘:5033‘70344033701335033703460336'3350337)0 N
336 IF(F(1+14eJ41) oFQe FMP eORe Fll41eJ+1) oEQe HYH)
X Y141 )=V a)=DPODZHIICTeJd+1Y=UI(T eI
TF (N +FDes & 40Re N ofQe 13) GO TO 23n
G TA sy
236 IF(F(l=14J+1) oeFNe EMP «ORe F(I=14U%+1) eFQe HYH)
B Y=l ed) =V e JI4DRODZE(UICT=1 0 J+ 1) =U(T=14J))
TN oNF, 12) GO TO 44
397 IF(F(1414J) eFQe FULIL «ORe F(l+14J) eFQe SUR eORe F(l414J) +EQe
1 HSIRY GO TO 131309
O T aa
339 GO TO (3440341034403440"!4403410?“440343034403&10344v34303449341)0 N
241 IF(F(1414J4+1) «EQe EMP eODRe Fl+1eJ+1l) «EQe HYB)
* U(lQJ+1)':U(1QJ)“DZODQ*(V(1+1OJ)"V(IQJ)>
1IF (N «F Qe 10 s0Re N oFNe 14) GO TO 343 o
o0 TA aaq .
2473 IF(F(1+14J=1) oFQe EMP ¢ORe F(l+14J=1) oFQe HYB)
% U] Jd=112U(1 4 JI4DZONRE(VIT+14J=1)=V(1sJ=1))
R4 CONT INUF
IF(TVPF «NFe 2) GO TC 149
N1 = NJCT 4+ 1
VIIE24N1Y = VITP1WN1)
IF(Pr oF Qe 1) VE1eNIYI=2V2eNT)
Nt = JUP1 = NJC?2
VEIPoNT)Y = VTP WMD)
IF(Pr «FOe 1) V1 eN1)=V(PeNY)
REFINEMEMT 1€ NECFSSARY IF PROB ON PROP RE=OR Is TO BE SMLTDe
GO TA (484K ¢340Y s 1CASF
A4S V(1A4417) = V(13417)

{1416y ol Qe HYIVY BN+
(ledd 1) ol e TIYINY BEN4
(1=14.0) ofQle 1YY HnN&4

(Tede1) oFGe HYIT) Nb+f ;
JANDe CYCLEoLTed) PRINT 6864+ 1eJeCHECK

DE1R417) = =V(17416)¥COSCALPHAC1S)) /SINCALPHA(15))

IF(FE(1P017) «FQe TMP) L1241 7)=U1C(17417)

UG13¢1R) = =V(13417)%COSCALPHAL16))/SINCALPHA(C16))

IF(E(12018) FNe FMPY) L1724 1R)=I(126 1)

E12410) = —=V(124,18)%COSCALPHAC17))/SINCALPHA(17))
A-13
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IFCE 1Y o1y N HYTY) U1 16 109YsU 1D 19)
GO TN Apn
OO CONT LT
A COMT N
TECTYRr  af Maft) 600 (1) 460
NO 3EN =0y IT-AR
ey Y-ty gy N2
ACO N Y o D) DI 4 DY HNCT
O COMTY PO
NO e ey, DY
IFCTYDE ol Qe 2 aAlie 0 al e 1 s AR T (1 g )Y of GGa 7MEY GO TO LU
VY NV YR T
VO L (TP ol (e 0 e AMe TP )) eT Qe MY GO TO 6O
VTP Dy s e o Dy reRT ¢
AGA COR)T MU
A0 TA iy
- APE CONT IMUIT
QaNR 1P (EvElL T #17he )Y GO TO a41AQ
TECTWRL T ol g T 6100 7O NG
AN TECTURRT o e TY 6A TH 407 I
TE(MNORTT ol (e 1) PRINT Dy LHYD(EPO) ¢ 7000RM(PO)
ane 1E(TwE TN ol Fe TY DETURN
any CYCL e = CYOLE 4
T = T 4 DT
a0 TA BN
i anes TWPLLY = TwPLT 4 TPLT
1 anA/ AGEIAN 4N TO KRET
ao TA apPe
407 TWPRT = TWPRT 4 TPRT
ana ASeTeAN an? TO KRET
a0 TA 470
A15 ACCIA/N AYA TO KRET
§ a0 TA 420
41h ASSTIAN 404 TO KRET
~ANTA AN

‘ i 420 AsS AN 424 TO KR
\1 : COTN PLOT THF AFOMETRY OF A PROR

W 421 CALL ERAMFEV (D)

Ll IF(TVOF oFQ. 1) GO TO 423 ’ "
B IF(TVYRE FQe 2) QO TO 40 o
g CALL U INFVEIXL o« TYRa IXRy 1YF) ;

N TR CALL LINEVIX¥D YRy IXR,IYT) ‘

% t CALL LINEVEIXReIYTeIXLoIVYT) :

CALL L INEVEIYL o TVT o IvL o YR .

‘ . arn a0 TA Wi '
= E A% CONT INUF

CALL LINFVEIXL o TYP TSy TYR)

CALL | INEVETL G TYR, LS T 7)
CALL L INFVEILE L 76 TLAILT)

CALL LINEVIILAGIL 74164 1YR)

CALL | INFEVETL AalYPe IXPy 1YR)

= CALL | IMNEVEIXP TR IXR, 1L 3)

‘ - CALL 1 INFVEIXR T 40 IXPTYT)
I I CALL 1 INEVEIXR e IYTo IXLaTYT)
by CALL L INFVEIX o TYTaIXLaTL2)
- CALL LINEVEIXL o T1 1o 1%L s TYR)

' N TA 42D
. ara NPTon
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YIRS Ve

ooy

I =N

MY = M

IT#1 = ROy RIE000) |

Tyl = XD+ eRrPeL |

11 = I¥1 4 17

YY) o 1%t + 1N

17 TwDC W ide 2y 00 TO AP
=N

IE %O Y el TaNad a0 %) ol at a0fta ¥R el TaNe) a0

MEVER )
oo T a0
1000y
CORTIRN
| S S IS R
11741 alt)e
[
(TR N TR I |
[ Rtk Y I

A B I T R |
olvl e VY CALL MARKIISCCYCLE aF ol o MOEOMT 1 aMa¥W)
VY CALL 1 OTVETE1e 1YY o060

1Y MPT e -

MYy Y TO AP0

TE (L =0 oF e O) Gy TO RRHY
ACE AN A0E TO I
[FLTVYPE FMe) GO TO 470

6o oTeA any

PLOTTING VL vFCTOR

L= n

nO asp (J=2 e P

RO ama 1-D 1P

NO = 12( ] 4J)

CO TR (APRGAP 7 AR T APRAPRAPR AP T)Y e NO
I%1 = (FLOAT(I)Y — 1es)HRPPCLL

1wl

i}

(FLOAT(JY —~ {em)¥XRPPCLL

N

I¥D = AeEXR (LI T=14J) 4+ 11TV IXDROURPPPCLL
1Y@ v CaBR(VITad=1) 4+ VII4J))¥DROURRPPCLL
I¥l = ¥l 4+ IXL
Tyl = tvyl + 1¥YR
e = I1¥2 4+ 1¥X1
IY? = 1vy>2 + 1V
) IF(TYPE oNF e 2 o0ORe FllaJ) oNEs HSUR) GO TO 429 AN
] X1 = FILOAT(1) = 148
i Y1 = FLOAT(J) = 165
CALL MARKFR(CYCLF 40O 4L oeNSGMT 1 oMaXW)
IF (L oNF o N) GO TO apPR
4720 CALL | INFVY (IX1aIY1aIXDeIVY?)
- x = 1¥D - 1V
Y o= (YD - It
NE = CORT(X¥XD 4 Y¥ED)
s IFI(NY ¢GTe 7) CALL ARROWCIX1 aIVY10IX2e1IY246e2)
i a20 CONTINGF
’ an TA KRET
) 470 1E(LOR 4FNe O)Y GO TO KRFT
: PRINT P NMAME ¢ T4CYCLFs GRs NPT
y PRIMYT 11
i TOTO CHFECK THE INCOMPRESTIRILITY OF A FLUID SYSTFM
A4 PO 440 JJ=1 4005
' NO aa0 1=1410p
(. NENIFS NN
NeTe )N,
X A-15
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N e F(Ted)
GO TO0O (438.436q436.4381438q438.436). NS

NETed) = RRI(INARDRA(RIP(II*UCT o) ~ RIP(I=1)%U(1-10J))
4 PO7Z¥(VITedY ~ VT ed=1))

438 PRINT 144 lo Je FUled)s UTedde VITed) o PSICTed) e THETAC(LeJ) e

1

NeYed)

ann CONTINUF

230

”37

IF(TVYIF o«NFe ) GO TO 44R
NO 2an 1= NRNCLL

FN(TYy = OeP
FYX({1y = Ne
FY(1y)y = N0
PMAM = NN

FTY = ﬁ.ﬁ

FTY = N0

N1 N

M2 ?

N3 N

NA NBPCLL + )

wonononoaonn

NS NRDPRYP + 1
N6 NJCY + P
N7 JP1 - NJC?

IF(Pr oF0e 1) N2=IHI1

NO 24> J=24JP1

DO P2 1=NP, 1P

K = 1

IF(J «GTs N7) K=1P1+NP=1

NG = !-‘(K.J)

GO ToO (242.236.236.236.242.?32.232)o N

N1l = N1 + 1

N3 = N3 + 1

N4 = Ng - 1

N& = N& = 1

v = A7%(YH - YRDRY(N1))
¥ = AD®¥(¥YBPRY(N1) -~ XH)
N=0

IF(F(K+14J) eFQle EMP (0OR, F(K4+14¢J) oEQe HyB) N=N+1

IE(F(CeJ+1) oFQe EMP eORe F(Ke¢J+1) oFQe HYB) N=N+2

IF(F(K=14sJ) oFQe EMP DRy F(K=14J) oFGe HYB) N=N+4 W
IF(F(KeJ—1) oFQe FMP oPRe F(KeJ=1) oFQe HYR) N=N+8 '
EN(Na) = RHOXTHETA(K s J)

1F(N oFQe¢ 0) FN(N3)=FN(N3) + RHO*PST (KeJ) /DT

FY(N2) = ’COF?*FN(NH)*DL(NI)*COS(ALPHA(Ni))

IF(Pr o«FQe O) FY (N2)=XRNRY (N1 ) ¥FY(N3R)

IF(Pr oF0e MY £O TO PR4

EN(NAY = PHOXTHETA (TP~ 4J)

FY(Na) = ~COFRXFN (NG ) *¥DL (NS ¥ IN(ALPHA(NS)Y )
FYy(Na) = “COF1*FN(N4)*DL(NK)*COQ(ALPHA(N;))
FX(NA} = COFﬂ*FN(Nﬂ)*nL(M1»*qu(ALpHA(N1),

1Et) ofTe JHY FY(N4)==FY(Na4)

1F(J «CTe JH) FY(N3)==FY(N?3)

N TA 240

IF(K oNFe IP1 eORe J oL Toe NE oeORe J oGTe N7) GO TO ;42
N3 (NI |

\a (NI |

v = R7R(VH = FLOAT(J) + 1e5)

FRI(NAY) = PROX(THFTA(K «J) + Pal(eJy/DT)

1F(DA 4FOe 0) GO TO 247

"
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Ex (NA)Y = COFRHINZAFENIMNTY
EMINGY - RHOXCTHETALIPA~K y J) + PRICIP3-K«J)/DT)
EW(NaY ——=COrAaRNZXEMINGY

a0 FTY = FTY 4+ FY (N
1IF(Pr oFNe MY GO TO D42
FTy - £TY 4 FY(MNA)
FTY = FTY 4 F¥(M) + Fx{MA4)
PMOM = RMOM 4 X¥ (FY (M) =~ FY(MAYY + Y¥(FX(N3) + FX{NAY)
na S CONMT IMUIE
PRINMT 441y PMOM, FTXe FTY
46y FORMAT(// ' FORCEAR AND MOMENT FXFRTED ON Tk wWALL DUE TO sbL LIQUID!
1 10v, 'PMOM =t 1PF12444 5%y 'FTIX =1 1PF 1P ele OXe 'FTY =t 1PF1Pe4
D /7y BXe 1DRINYY 11 PEN(NY Y 11%Xe YFX(NY' 11X, IFY(NYes /7 )
PO Aa2 N=1 MRDCLL
1 = N
aa? PRINT Adde DRITYe FMOIYe FX(1)a Fy(l)
ans FORMAT(RF1IALR)
PRINT 4464 (LASG(IYel=104)0 (LSFGS(1)eI=1e5) 0
1 ((eMC(T4K)eK=149)e1=1s4)
aap FORMAT( //7 ¢ *%#% VALUFS OF LSEG(1)s LSFGS(J) AND SMC(T14K) ¢t 10X
1 41y 10Xy S18 /7 (9F1444))
aaf CONTINUF
IF(CYCLF oGTe N +ORe TYPF oNFe 2) GO TO KRFT
IF(NDRT?2 SNFe 1) GO TO KRFT
TCHF A = 474
PRINT 45N, CYCLFs ICHFCK
45N FORMAT(/// v #X¥% CHECK CPU TIME ~OR PLOTS AND COMPUTATIONS OF DO~
1LOOPa 680 AND 344 ' SXe 't CYCLE =¢ 124 1CHECK =¢ l44 ¢ LA S S AN
CALL CLKOUT
482 FORMAT( // (14F9.4))
4S54 FORMAT(14FQ.4)
NO aes J=1,J6BP
N =
PRINT 452« (U(TsN1)YsI=141P2)
458 PRINT a4Sas (VIITeN1Ye1=141P2)
~A T KRET
AAN NN Agn T=1 JNAGMTS
N= 1t 4+ 1
CALL LINFV(I%FGRR(I)QISEGPZ(l)oISFGRR(N)QISECRZ(N))
afa CONTINMUF
CN TN a2
470 IF(IDI.OT oNFe 1 «ORe 1SUR #LTe 2) CO TO 421

W = ]
L = A
NPT =« O

A7H TXl = Pk )yrPOPCL |
TVl = ab(k41)y*RPOCL L
TYl = Tvt 4+ I¥L
Tvl = vl + 1vP

CALL PLOTV(IXTeIVY1443¢0)

K = v 4+ P

NPT = MPT 4+

1E (NPT ol Te MEP) GO TO a4
O TA 47)

AN FOMPUTE THE T DR vFEL COMP

ENA I (TYDFE F0e 2) 0 TO 12410
=N CANT NI
N AN J=D e 1P

t?
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NO Gan 120410
MO w6
GO TN ("‘-?‘(\«r'“/l0‘7”/41’77‘”9’"\7’00'_7"90‘?04)0 NO
RN4 IF (T WP 0. 101y A0 TH G0
ML -~ F(T416)
GO Tn (F1045066M0064510451045104706) « NI
=0 A 71P:u(t.d)*nnp<1)*(n(I)*H(I~1.J)~R(l+1y*u(!+1.J)>
LIVE nan.pn%(u(lqd)+utI.J~1>\*(v(Y.J~1)+V(l+1oJ-1))
UVTP:—".;"*“\"(H(lo-))-Hl(IQJ+1)I-K-(\/(Yn)) FUT+1ed))
uT ('O'J)‘.“.”(’Q«J)"'DT’*(DDD“‘(7!p“"THF’T/\(IQJ)"THFTA““"IQJ,)
#* +Qh7*(HVPQ—UVTP)+GQ+NH*(RH7?*(U(YoJ+1)+U(qu-l)’?o*U(IqJ))
* ~pﬁﬁﬁ7*'(\l(l+1od)~V(T+1¢-)"1)"\/(!qJ)+V(10J"1)))+F’(lod))
s1n NY = F(Ted+1)
~0 To ("'1}’(‘0""17’0“\1?9"*?00"1?00‘37’0.’31?)q N1
=19 ZIP= (T e Y (M (T ed=1)=V(TeJ+1))
UVTL:RIP(I‘-l)"00?‘5*(|.)(I"]~J)+l.1(I-ch‘Pl))*(\I(I"1QJ)+V(10J))
UVTR=PIN (1) KN ePRF(LJ(1eJ) +ULTed+1)) FVCTH1 )+ T aI))
VTIL_(qu)=V(loJ)+DT*(PD2*(ZIP+THETA(IOJ)-THETA(I¢J+1)7+GZ
* +PHD*PF’I(1)*((UVTL.-UVTR)-NU*(RIP(1)*(F€DZ*(U(IQJ"‘I)“U(IQJ))
# =RDP¥(V(I+14J)-V(14J))) -RIP(1-1) *(PDZ*(U(I"‘lQJ‘*’l)"’U(I"lQJ))
* “th-’*(\/(IqJ)"\/(T"loJ)))))+0(IqJ))
=20 COMTINUF
TO COMPLITE D-TILDF OF FiJLL. AND HFUL CFLLS
NN sac ()=2 4 JRP1
K28 UTIL(lPIQJ):UTIL(IP!OJ)*R’OS(J)-HJTIL(IF’l"’lQJ)*(lo“ROS(J))
ICHF A~k = &4N
NO sS40 J=2,4J01
NO a0 1224101
ND = F(lsJ)
GO To (535."\340‘535’4.0‘33‘:30‘%3‘?\0?13"'0‘:-31)c N9
531 IF(F(1+14J) «EQe FMP eORe FlI+14J) oFQe HYR) GO TO /3%
IF(F(leJd+1l) oFQoe EMP oNRe F(leJ+1) oFQe HYR) GO TO 83K
IF(F(I=1eJ) oFQoe FMP +0ORe F{1=14J) o¢FNe HYR) GO TO 3K
IF(F(TeJd=1) oFQe FMP NPe F(leJd-1) oFNe HYRY) GO TO 138
IF(NPRTR oFQe 1 oANDe CYCLF «LTe 3) PRINT 6564 To Je 1CHECK
g4 N(l1eJ) = RQI(I)*PDQ*(F’TP(I)*lJTIL(IoJ) - RIP(I=1)%UTIL(I~14J))
1 + PAZH(VTIL(T4J) = VTIL(TeJ=1))
"~ TA =0

fl 528 PeT(1eJ)=Ne .
. can CONTINUF
COMPUTATION OF PRI(T4J)
’l IEF(INPEY oGTe 1) GO TO 547
ICHFrie = AT
1F({ Ty~ oFNe ) o TO AN
: e45 IF(INDEY oATe 2) GO TO 64?2
l IF(INPEY oFNe 2 oANDe TTFR 4GTe 0) GO TO 2AN
=7 1CHERAK = &0
v e=n IF(TVYDE FNe 2) AN TO 87
AR Ees =0, 1P
DA (141)=P T (147)
eae Dal(yJPPY=Pel (T 4JP1)
es CONT NP
NnO g0 J=24JP1
IF(F(1eJd) ofFQe NNDY PET(14)=PST(2¢J)
260 TE(F(1PP.J) «FQe RND) POI(IPPeJ)=PS1(IP1¢J)¥ROSEJ)
1IN G Ne™) o TO 6NN
INA=A
— [ TAD= TP+
A-18
% — 1

o

Y
o
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T
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NN 20 (J=P 0P
OGN 120, 1P

MO = LT
CO TN (70 4CAAGG2N 407N G770 (T 7N 4 6E(P ) ¢ NO
GED TF(F(T+1eJ) ofQa MR 40Re FLI414J) oMQe HYRY GO TO 570
IF(F (1 ed+1) oF Qe FMP o40ORe F(ledtl) oFUWe HYR) GO TO G770
IF(F(I=14J) o"Q0 TMP s0Re F(l=14J) oFQe HYI?Y GO TO 670
IF(F(Ted=1) «FQa TMP 40Re F(leJdm=1) oFQe HYR)Y GO TO &70
IFICYCI L ol.Te 6 oANDe ITFR oFQe 1) PRINT 6566 lo Js ICHECK
FAR PAIR=PTI(1414J)
PEINePT I (] oeJ=1)
Pl =PaT(1=1eJ)
IFITYDE MT 1IN TN BAR
TF(F(T+1e ) eFQe0M) PSIR=PST(T]4J)
IF(F(1ead=1)eFNJORY PRIR=PST(]4J)
IF(F(T=1 4 Y eFQeOMIPSTIL=PST (1 4J)
ERE XWX (=D(14JI+RR]I (1) *RDRA¥(RIP(II*¥PSIR+RIP(I-1)1*FSIL)+RDZ2¥(PSIB+
1 PCI(leJ+1)))=ALPEPSTI (T J)
Y=zARc (X)=ABS(PSI(14J))
7=ARC (X)) +ANRS(PATI (1 4J))
PSI(TeJY=X
IF(7 ol.Fe NeNNNONTY) GO TO K70
IF(ARSIY/7) e GTeFPS) IND=z1
70 CONT INUIF
G0 T 88N
COMPUTATION OF U((leJ) AND V(T14J)
ANN CONT TNILIF
NG AN JU=24JP1
NO &Ao" [=D2,41P1
NQ = F(14J)
GO TN (BP0 H044AN4 46PN 4620 4APCeA04)Y s NO
204 N1 = F(I1414J)
GO TH (BI10ANAELHN6+H61N6104A104FA06) 4 NI
AOA U(Teyg) = UTIL(T4U) = RPRPRE(PSI(I+144) = PCI(Te))
A1N NT = Fl14J41)
GO TA (620 4A12461246204620462PC612)0 NI
£12 V(TeJ) = VTIL(1ad) = RPRZ#H(PSI(T4J4+41) = PSI(14J))
&2N CONT INUIE
ASC TN 63N TO KRET
N1 = ARS(VN(1))
NO A21 N=2 NRDRYP
N2 = ARS(VUN(NY)
IF(ND 4GTe N1) N1=NZ2
AP1 CONT INUF
IFCITFR oL Te 2PB00 ¢ANDe N1 oLTe 40) GO TO 625
PRIMT AP2
622 FORMAT( /7 v %%%% RUN 1§ STOPPED BFECAUSE OF 1TER OR VFL EXCEED TH
17 GIurM LIMITS (QTMT A22)e ')
PETLUION
&P 1TERPUN = TTFERUYN 4 1
cO TA A&RN
&N AGC AN Aan TO KRET
a0 TA 0
4N TE(TYPFE oFNe 2) AN TN AN
42 AN 700 TO KRET
645 TF(TYPFeMNFel1 IR0 TO KRFT
NO Aa7 J=24JP1
nNO AA7 124101

by s
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IF(F(TeJYaNFaORYEN TO AAT
TEAF (1 odHt1)aNi-aOMa ANDF ( T+1 ¢ ) oM QuOR)Y UGl o V=10 T o J+1)Y#BCAH
IF(F(T~1¢d) oNFaORAND aF (T aJ+1)eFQeDtl) V(T4 d)=V(I~14J)*RCAH
IF(F(T+14J) aNF aOPaANTIat (T4 Jd+ 1) eFQeOR) VIled)aVT+1eJd)%¥RCH
G CONT NP
rn TA WRET
TO COMPULITT THF VFL COMe= OF A SR OR HSUR CFLL
£5N [CHF Pk = GRO
InTa I Y-TARNGES NS LD |
NO AP0 1=2,41P1
IF(F(TeaJ)eFNeSURIGO TO AKRR
IF(F(TsJ) oMFe HELIPY GN TN KRN
AR N=N
IF(F (T+1eJ) oFQe FMP oNRe F(T414J) oFQe HYII) N=N+1
IF(F(TeJ+1) oFNe FMP (NORy F(leJ+1l) oF Qe HYR) N=N+2
IFIF(T=1¢J) oFNe FMP o0ORe F(I=14J) «FQe HYR) N=N+4
IF(F(1eJd=1) oFQe FMP (0ORe F(leJd=1) oFQe HYt) N=N+8
IF(NPRT3eFNel oANDe NeFQe0O ¢ANDe CYCLZ oL Te3) PRIMT 6564 laJs ICHECK
656 FORMATY( / 1 #E%% CELL F(leJ) IS TREATED AS A HFUL CELLe I =% [3
1 t g =t 134 ¢ 4 IN DO=LOOPY [R, 1 %%%X¥)
IF(N oF0e N)Y GO TO &KRN
GO TO (661 66216634664 4661 166516621667 1668¢65916581669166106620
1 AA1)e N
658 V(iTag=1) = NeR¥Y(I=14J=-1)
VITeg) = NeS#V(T~14J)
661 U(IqJ):(U(I-loJ)*RIP(I-l)-H(I)*DRODZ*(V(I~J)‘V(10J*l)))*RRP(I)
cO TR &R0
AR V(TeJm1) = NgSHE(VITI=14Jd=1) + V(I+14J=1))
662 V(I-J):V(qu—l)-DZODR*RRI(I)*(U(IoJ)*RIP(I)-U(I*l»J)*RIP(I-l))
GO0 T &80
EAT 1T )=tI(I=14J)%XPMORP(T)
GO TA &6&6
664 UllI=14J)2(UCTsIERIPITIIHR(TI¥DRODZ¥ (VI e )=V TeJ=1)))¥RRP(I-1)
GO T 6RO
668 UlT=14J)=U(T 4 J)¥RPORMI(T)
BE6 VIIeJ)=VIIad=1)=ePSAN7¥ (U Ta )4 I=1 ¢ J)IXRRI(TI*¥(] ~PC)
e A ARD
667 V(loJ-l)=V(I¢J)+D7ODQ*QRI(I)*(U(IoJ)*R!P(I)-U(I*IQJ)*RIP(I-1))
O TR ARN ‘ *
EGOR LT )=t1{T1=14J)¥PMORP (1) '
GO Tha A70 ’
G660 LI T=14J)=U( 1 4 JI¥RPORM(T)
670 VI(1eU=1)12VI(TeJ)+e2G5HD2¥RRI(IIF(UIT s DI+UlTI-1ed)I* (] —~PC)
RN CONTINUIF
GO TA KRET i
700 NPT=A '
IF(TYPF «NFe 2) GO TO 700
IF(ICR ol.Te 2) GO TO 700
o= 9
N o=
NPN = N
7N IF (NPT oCF e MNGP)Y GO TO 70R
ID = aP(iK) 4+ N40
HPY 1IN = 1en = aP(K)
HMy 1eN = HPYX
JRP = eR(K4+1) 4+ 145
HPYy JR = N = CR(K+1)
HMy 1e0O = HPY

LI 11

o0

A-20




Ty

X"

LK = HPXRHMY XL TD=1 ¢ JP+1)

1 4+ HEXRHPYH*U( 1IN~ ¢ JR)
IR = €P(K) + 148

HPY = [R = NeRK

- CP(K)

HMyY = 1¢0 — HPX

JD o= en(K+lY +
HPYv NIa T e

HMY = 1eN = HPY

VK = HPX*¥HMY*y

PN
- P+

(1R4JD)

LMSC-HREC D225632

+ HMYHRHPYRLI( 1D o JR)

1)

+ HMX¥HMY*V(TR+14JD)

1+ HMY*HPY®*YV(IR41¢JD=-1)

SP(KNY) = aP (i)

+ UICENT

SP (ML) = QP (K+1) + V

YC = aP(K4+1)

NO 7n2 Nz «NRGMT Y

NO = M

1F(YC «GTe ZCOORD(IN) o

~A5 CONTIMIF
cO TR 707

M4 7 = OCOORD(NO+
IF(ARS(Z) oLToe

XC = (ZCOORD(NG+1)

YO = ZCOORN(NA
YN = (SP(K+1)
GO TN 706
7208 N = PRCOORN(NO
TNA TR (SO(K) oCGTe

NPN = NPN 4
KN = KN + 2
NP K = e 4+ P
NPT = NPT + 1
"0 T 701
7082 NeP = NPN
IF(l1etyR o«FQe 3
700 NPT = N
NPN =N
K=1
KN=1

OonR
K*NTON7Z

+ HMYEHMY®U(TD ¢ JR+ 1)

4 HPY*HPY#*V(IR4JD=-1)

ANDe YC oLEs ZCOCRD(N+1)) GO TO 704

1) = RCOORN(ND)

NeNM1)

GO TO 708

- ZCOORNINIYY/7

) = XC¥RCOORD(NG)

- YCY/%C

)

xNy GO TO 707

e« ANDe I

NDSMP oGEe ICYCLE) CALL CHKSMP

TO COMPUTF THF MOVFMFNTS OF A MARKER PARTICLE
710 [F (NPT, CFJNPYAO TO 7738

IN=¥P ()42,

HPY= 1R=1¢4=%P ()

HMyY =1 o -HHPY

JR=2XDO(X+1)141 R

HPVz jD=N ¢ &=XD(
HMy = | ¢ =HPY

41)

VK ZHPY#HMY % (1D =1 ¢ JR+1 ) +HMX¥HMY
* *U(IDQJR+1)+HPX*HPY*U(Iﬁ-chR)+HMX*HPY*U(ID’JP)

IR=¥YO(K)4+1e"
HPY= [P=N o &=¥P(
HMy = g oo HPY
JN=XP(F+1)+2,

L

HOVE JRe) o =XP (¥ +1)

MMy = 1e -y

VV=HhY*HMV*V(1H.Jﬁ)+HMY*HMY*V(10+1.Jh)+HPx*HPV
* R\ (IR GIN=1 Y +HEY RHPYR YL IR+]  JD-1)

P (A = YP (K ) 4t

eANTONR

YP (KA1 ) =XP (K+1)4+YKADTOD?

T=yP(vM)4+2,

A-21




aill WD MR T e

-l R -

716

TN

770

738

741

TO INTRONDUCE NEW MARKCR PARTICLES IN CA

750

~as

TAN

764
770

PN
r1a

a1

JeYR (NE Y +P e

IF({TYPFaNF oY YN TO 71K

TF (YN (MY aGF o TRAPYGO TO 720
ST NS

[N[=TNEIN = INPR

IF(F(TeJ)eFNeFEMPYIAN TO T7/0
IF(F(14J) oFNe HYRY N TO T7A4
et

NPT=NMOT4

A~ TA 710

MP = NN

IF(TYPF«NFe1) GO TO P&HO
YaUL#RNR¥ (T4NTI-YDISH (2 #COLS+HT W)
TF(X,l TeNe )OO TO 50

COLS=COL S4+1.

Y=vYFIR
NPN=NMPENTN
XP(KNY =X

XP N4+ 1)=Y
KN=KN+2

I=%42,

JEv o
NP =N+ g

Y=vy+vhlc

IF(F(TeJ)eNFoFMPIGN TO 78K

F(le) =SSR

1T o )=l

IF (KN o GTe LPRY GO TO 75
TF(NDJ_TNPNYIGO TO 750

a0 TA 740

FelsJ)=almR

a0 TA 770

F(leJg) = HSUR

IF(F(1+14J) oFEQe EMP (ORe F(I14+14J)
IF(F(I=14J) oF Qe FMP LORe F(l=1esd)
IF(F(1eJ+1) oFQe EMP oORe F(leJ+1)
IF(F(lsJ=1) oFQe EMP oNRe F(leJd-1)
O T RN

GO TA (R1S.RR] ),
MY = N

NO PAatl N=1 4MRNRYE
1 = YRAPRY(N) + 240
J = vyRORY(IN) + 2.0

IREMA(INY = 0

VNI(NYy = Qa0

IF(F(Tl+sJ) oNFe HSURY GO TO AI]
IF(F(1414J) oFQe EMP +0ORe Fl+14J)
IF(F(14J4+1) oFQe EMP o0ORe F(led+l)
IE(F(1~14J) oeFQe EMP o4O0Re F(l=1+J)
IF(F(leJ=1) oFQe EMP oMRe F(led=-1)
1IEICVveLF oLLTe 4) PRINT AR6, Te Jo
rOoTA Ay

IF(NY oF0e M) N1=N

INUMD(INDY =
N2 = N
CONT tNUF
v o= 1

IMREX

+EQe
oFQe
¢e=Qoe

«EGe

eFQe
Qo
oFQo
oS0

1 CHFE K
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HYR)
HYR)
HY3)
HYE)

HYR)
HYF )
HYF)
HYP)

SE OF AN INFLOW-OUTFLOW PROB

UtTe)=UCIDeJD)
UlI=14J)=UCID=1+JD)
VI1eJd)=VIIDJID)
ViIeJd=1)=V(IDsJD-1)

GO TO 821
GO TO 821
GO TO 821
0 TO R21

(13
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NMPT  w)

N s

NO - N

INDfFY = 2

NA AR =1 4R

NO RA7 J=l (NRAPYP

NMIMP (T 4J) 5 OaN

IF(NAT «OTe MNPY GO TO AAT

! = vO(K)

J = YP(K+1)

NO Ay N=NT N2

IF(INIIMP(N) oFNe © oANDe INUMP(N=1) omQe 2) N4=N
IFCINUMP(NY «FQe 0O ¢ANDe IDUMPIN+1) o0 2) N4=N
IFCIAUMP(N)Y oNFe 1) GO TO AR]

N6 = ¥RNHRY(N)

N7 = YROADRY(N)

1F(] oFQe N& «ANDs J oFQe N7) GO TO 841
a0 TA RERY

7 = (XP(K) = XBDRY(N))*COS(GAMMA(N)) + (XP(K+1)
1 GAMMA (N)Y)

IF(ARC(7) AT NFPS) GO TO AR

INUMB(NDY = 2

N& = XANRY(N)Y) 4+ 2Pe0

7 = N6&

PUMP (1 eN) = Z = 1eN = XRDRY(N)
PUIMP (P 4N) = 140 =~ DUMP(14N)

M7 = YRORPY(N) + 1%

7 = N7

NUMP (24N) = 7 = Ng& = VARNRY(N)

PUMP (44N) = 160 = DUMP(I34N)

NA = XRARY(NY) 4+ 148

7 = NA

PUMP (B N) = 7 = 0e¢8 — XANRY(N)
MNMIMP(AWN) = 140 = DUMP(&R4N)

N7 = YRDOPY (MY 4+ Pe0

7 = N7

NUMP (24¢N) = 7 = 10 = YRDRY(N)

DUMP (PN = 140 = DUMP(74N)

1

A4a4

a5

nse

P&

neA

R67
feA

4

NO = NO 4
NMA = K o4 1
7 = (XP(K) - XADRY (N) Y #COS(CAMMA(N) ) + (XP(K+1)

1 GAMMA (N))

A HSUR RUT Z IS LT DEPSe

- YBDRY(N))*SIN(

- YBDRY (N) ) *SIN(

N1 oN2NeXPIK)«XPING) 2

L2 L L2 2

IF(NPRT3eFQel oANDe NQeLTeS1) PRINT 844,
FOPMAT( 7 ¢ CHFCK DO=LOOP 881 ¢ 10%Xs 318 3F12e5)
NMa = N
GO T PGS
CONT tNUE
IF(Na o«NFe N1Y GO TO BKO
N1 = N1 4+ 1
IF(NA «NFe N2) GO TO RA3
NP2 = NP =
1E(ND oL.Te N1Y GNA TO A7
K = 4+ 7
NPT =2 NPT 4+
a0 TA RIS
PRINT R6R, CYCLE. NPTs (IDUMP(1) 4121 4NRDRYP)
FORMAT(///7 V#%%E% NOTE -= THFRE IS
1% vy 21877 (1A1R)Y)
A-23
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g

R71

R72

a7

HA Y

ROy

any

g1

1410
1420

1430

1440

1442

14473
14458

1AEN
14607

1470

L.MSC-HRF7 D225632

IF(CYCLE oCGTe 3 oORe NPRT2 oNFe 1) GO TO 545
PRINT A72s CYCLF s NPT CIDUMP (1Y) o 151 «NRDRYP)
FORMAT( /77 1 ¥%%4% VALUES OF CYCLE s NPT IDUMP (1) AND COMPUTED AREA
18 ®xax /7 P1A//Z (1ATIR))

NN A7t 1=l 4P

MY = 1

PRINT 244 (PUMP(NT oJ) o =1 o NRORYP)

6O TA 4R

CONT TMUF

nNO RrA1 M= MRORYRP

IFCIMIMDINY oNFe 2) GO TO a9

1IN = ¥YRNRY(N) + 2N
JR = YANRY(N) + 1%
IR = XANRY(MY + 145
JN = YRODRY(N) 4 PeN
UK = DUMP(!QN)*DUMP(AQN)*U(lD-loJR+I) + DUMP(24N) ¥DUMP (4 4N)#UCTID

1 JR+1) + DUMP(1«N)*DUMP(3.N)*U(ID-!.JR) + DUMP (2 N)¥DUMP (3¢ N)*
2 11D« JIR)

VK = DUMP(S.N)*DUMP\B.N)*V(XR.JD) + DUMP(G.N)*DUMP(BoN)*V(IR+1.JD)

1 + hUMP(qu)*DUMP(70N)*V(IRQJD’I) + DUMP(6.N)*DUMP(7.N)*V(IR+lc
2 JNet)

VUN(L.y = UK¥COS(GAMMACN)) + VK*S IN(GAMMA(N))

CONT INUF

Ny = s}

NO an1 N=1 JNRORYP

IF(ARS(VUNI(N))oL.Te VFPS) N1=N1+1

IND = %

1F(N] oFNe NRDRYP) INDFX=173

IF(NDRT? oNFe 1) GO TO /48

CALL CLKOUT

PRINT 9104 CYCLFs ITER (VN(1)e1=14NRDRYP)

FORMAT(//7/ 1 %%%% VALUFS OF CYCLE» ITER AND VN(1) *¥xx s// 218//

1 (1AFR.A))

GO TN &84S

GO TA (142041440)« INDFX

NO 1430 J=14JP?

PO 143" 1=141P2

Gtled) = Ulled)

HlTeg) = VITed) Y
GO TA 14R0

IF(CYCLF oGTe 2 oORe NPRT2 oNEe 1 ¢ORe ITERVN oGTe 3) GO TO 1445
CALL cLKOyT

PRINT 14472

FORMAT( // 1 CHECK UlleJd)s V(1eJ) AND PS1(l+J) REFORE ANJUSTING TH
1FTACTJY V)

NO taa Js=14JP>?

N =

PRINT 14R4. (ULTeN1)el=1014) (VETeN1)eI=10e14)0 (PSI(IeN1)el=1414)
CONT tNUF

nO 148N J=14JP3

nO 148" 1=1,41P2

Ulley) = GLTeD)

VETadgy = HETed)

IE(CVYOLE oGTe 3 oORe NPRT2 oNEe 1 oORe ITERYN «GTe 3) GO TO S02
PRINT 124704 CYCLFy ITFRs TNNEX, S 1ENYN

FORMATL /7 ' CHECK CYCLE ITFRs INDFXs SITGNVN AND THETAC(IsJ) ' 10X
1 ARy FhRe?)

AN 1480 =1 4JP2
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MY = )
PRINT 1484 (THFTA(loN!)-l=1014)n(U(loN\’olﬁl0!4)'(V(IQN1’0131014)

FOPMAT( 7/ (14AFa4))
cO T RO2
FND

1IFOR IO e.'\'a."!(\"‘

1000

CLIRDALITINMFE L ¥OUIT

CALL SCLOCK(DATE ¢ TIMF ¢FSFCFHNSFC)
WRITE(FAe10NNY) TIMF

FORMAT( AHATIMF= A12)

C %% MONIFIFN FOR FXFC R VFRSTON

CALL CFPUTIM(ITIMY
FefFec = FLOAT(ITIMY/1eFA
WRITE (A PNNNY FSFC

200N FORMATE 13HOFSFC (CPU)Y = Flde4)
RETUPN
FND
tASM,IL CPITIMCPUTIM ¢ USF AS CALL CPUTIM(ITIM)
(1) AXRS e WHERE ITIM 18 FLAPSED CPU TIME
CPUT IM* LA AN ¢ (234ARRAY) e IN MICROSECONDS
[=d =] OCTS
t A AD G ARRAY+22
Mel XL AN P00
an ADg#0yX1 1
J 2eX11
ARTAY neEQ 27
i \[p]

tEORG 1S aNg ¢804

2020

eIn

ek 1=
204N

SUBRAUT INE MARKFR(CYCLF «K oL e MEGMT 1 ¢ M4 XW)

COMMNAN/L 2/ RCOORD(3S) ZCOORD(38) e XPLI100NN) e Xl Y1
L =n

YC = XDP(K+])

1F (K oFQe N YC=VY]

NN an20 N=1 MSGMT]

N = NI

IF(Yr ¢GTe Z7COORD(N) oANDe YC eLEe ZCOORD(N+41)) GO TO 30130
CONT tNUIF

L =1

PETUION

7 = DCOCPNINA+TY = RCOORNDIND)

IF(ARS(7) oLTe NNO1) GO TO 3NRR

¥C = (ZCOORNINOLLY = Z7CO0RN(IND)Y/7
vC = PCONPHINOY) = XCERCOORD(NI)
YN = (¥XP(KkK4+1) - YC)/%XC

1F (K oFQe N) XN=2(Y1=YC)/¥C

re TA 20an

¥R = PrOABRIND)

IF (¥ oMFe N aANDe XP(K) «GTe XN) L=1
IF(K oFGe D oANDe X1 o%5Te XD) L=1

IE (M oFNe N sORe L oFQe 1) RFTURN
¥y o= Xw - XD

IF(K oMFe N oANN, XP(IK) oLTe XD) L=1
1EIK oFDe O ¢ANDG X1 ol Toe XNy L=
QF TLUIMN

[N [a}

1IFOR1e enNcenNe

CLRPALITINE AcAeMP(YH)
COMMNAN/L 3/ SP(482)s DSy STCs STH CTRe STZe STR2e STZ26¢ STRZ2

A-2°%

o
«©
s

'

e

P77y P L -
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1 CT7R0, NAPy LEFG(GY s LEFCA(R) e SMC(A449)

v o=

Moy

MO -

)]  Nal¥NE 4 ¥H
VY o QTH

YT » NA&

vy n ©TC -~ NAQ

WE = ATH 4+ NenXOT?
eP(1y = ¥
apP(ny = Y1
2110 NEP = NEP 41
IE(MER ¢GTe P4t1) GO TO A1HN
2120 GO TA (1704314036 N
2170 w2 = ¥1 4+ XTF
¥? = QTC = SORT(STZ? = STZRP*(XP=XH)*#*2)
7 = QQRT((XP = X1)¥¥2 4 (YP = Y1)**2)
IF(7 +LTe D&Y GO TO 3180
XTFE = PgOR¥XTF
cN TA 21PN
2140 YD = Y1 4+ XTF
w2 = QART(ATR® = SQTR7ZP#(Y2 - STCI**2) + ¥H
7 = CORT(IXD = X1)#%¥D 4 (Y? = VYI)*#2)
IF(7 «CQTe N) 6O TO A1K0O
XTE = 1e602#XTF
no TA 2120
Q150 ap(y = X
ap(kK+1) = ¥?
IF(Y2 «GTe YN) RFETURN
K = « 4+ P

X1 = %2

Yl = ¥y2

IE(N ofF Qe 2 osORe Y2 oLTe YC) GO TO 3110
N = &

XTF = YP = €P(K=3)
~O TA 110
2160 PRINT A4

2964 FORMAT( /// ¢ *%%% ERROR -- ASSIGNMENT OF SURFACE MARKER PARTICLES

| FyCrENne 241 LIMIT, #%%% 1)

RF THIOM
C *%%#% A SURFACE MARKER PARTICLE wlLL BE ADDEDC OR ELL
(o THA NFIGHRORINA PARTICLFS.

ENTRY CHIESMP

MINATED BETWLEN *%¥%

COMMAN/L 4/ SPT(2)s DUMP(R460) s NHRTAy CYCLE S INDEMP, LERRORes [SUR

(NDemMe = 0
X2 = Nga¥Nnea
Y2 = 1e6A*NCS

J = "
v = 2
cPT(Y)Y = SP(1)
ePT(2Y = CP(2)

RO 72PN N=2MaP

1F(J «ATe 4R1) GO TO AP00
%1 = eP(K) = SPT(J=?)

v1 = eptK+r) - SPT(J-1)

7 = cAPT(X) %42 4 YIN%D)
IF(7 ol.Te ¥2) 60 TO 32A0
IF(7 «ATe ¥2) GO TO 7220

A-26
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any N CRT)Y - TR
CRT(A+1) o SD(K+1)
J o+ 7

J =

anpn

RE-Fl

C HRAN

F
anan

apan

UAPEN

anee

apa0

176
t

ST

cN T 90N
IF(ARC (YY)
LR I |
Y1 & PRT{U=1) 4+ NeF¥yy
AN Ta 90
NY 7 0
¥i 0 CRT(J-D) 4 PaRAw]

IN AACT OF MRMOPy CURYE FITIING 16 MADE (Y USTNG N=Fe N-24

Mel AMD B OIMETEAD OF MeDy Mefs N AND MMt
.o ¥
IF (N oF0e MGP) Loi =P
LY ot - &
.2 i = 9
[ L + 2
o eR(LYY 4+ AP(LD)Y + SP(L)Y + SP(L7)
(oF-) QDL 1IXXD 4 CP(] DYFAD 4 CO(LINED 4+ CP(L)#XD
cn CO(L 1)*¥%¥A 4 CP(LDI¥¥7 4 SP(L)I*%A ¢+ CP(L ) *¥7
ra CP(L 1)IH%A 4 CSD(LOYRNY 4 CD(LI#R4 & CP(L)¥¥4
¢ e ep(lL=") 4+ ap(L=1) 4+ SP(L+1) + SP(L+3)
chn eP(LIINSP(L=") + SP(L)#aP(lL.-1) + SP(LIRSP(L+1)
+ P (L) *SP( +7)

O a ARCIYYIYY GN TO APAR

non o og 0 aonn

i

c7
4+ SP(L ) ReP (LAY ReD

CA = CP#*¥2 - C1#cA

€O = CIRCE - ANRCA

c1n CI¥CD = AeNHCA

1) FILARD - AaN%CD

C1P = CPRCA =~ C1RCT

13 = CP¥%C3 = CixCa

N2 = 7

IF(ARC(CR) JLTe NeNCON1)Y NP=1

IF(ARC(CT1) oLTe DeNOONTY NP=NP=1

A0 TR (24041245 1PEN ) NP

COF? = C12/C1"

COFa = (CO = CI1OXCOFR)/C1

aCO TA 1pss

CNFE? = CcO/z0c1N

COFa = (C12 = C1%COFYY)/CR

GN TA pen

CcOFs (CRXCO = CLI¥CI2Y)/(CARCIO -~ C11%C1D)

COFq = (CA - CINXCOFAY /011N

COFE = Mg dBR(FE = CIHCOFa = CPRCOFT)

CO TA (APRN RAPARY . NI

COFE = SART(1e0D = Q4e¢O0#COFAIR(COFSH = Y1)/(COF4q®*2))

X1 = =NeNRCOFL4R(L1 4N = COF6)/COFN

COF7 = COF&S 4 COF4%¥X] 4+ COFI#¥XI*#¥2

IF(ARS(Y1=COF7) +LTe Ne00O01) GO TO 3270

X] = =NeBRCOFA* (140 + COFEY/COFA

COF? = COFS 4+ ~Ora¥x] + COFAXXI#¥D

IF(ARC(Y1=COFT7) JLLTe NeONO1Y GO TO 3270

PRINT 12AD, CYCLFe K

L1 B}

11

SP(L=")%SP(L1)*%D 4 SP(L=1)1¥SP(L2)*¥*> + SP(L+1)*SP (L) **2

FORMAT( /77 V *#%% FRROR - COMPUTATION OF X1 FROM Y1 1S INCORRECT.

! 10Xe t CYCLF =t 18, BEXe ' kK =8 14)
BETLHINN
Y1 = COFS 4+ COFa%X] 4+ COF3IXXI%¥D

A-27
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070 FPT()Y = X
CRT(+1) = Y
NEE N A
1C(Jd oCTae AfL1Y GO TO ;NN
N T Ann
ANAN ¥ 1
MR e )+ )
IF(MPRTY WHF e 1Y D TO 3000
tyY 0 ONNeD
PR IMY A00A CYCL T MOy )
A0NA FORMAT( Az %R VALV S O CYCLD o BAF e NPT cPCLY AND SPRTCLYY 3110)
PRIMT 00A (ST a1 e
ANAE, FOPMATL 47/ (1AM D))
BUAIMT AP, (CPT Il o ND)
i Jala Tal RIS SRR R QR U I WP o
) meeny Toy ¢NMD
200 ey n OPT(Y)
28 TUIMN
anpan PRINMT k4
O TLION
FMTRY FLIRYE
XAENE THE Fe OF A FLUID IS PRESENTLY RESTRICTED TO A SIMPLE CONTCUR
PDEEINED AY NOT MORE THAN 4 FCTNS WHICH ARE. MONOTONTCALLY IN R OR Ze
MO CLURYE CAN HAYE 61 OR MORE BTE AND ASSTGNMENT OF F& MARKERS FOLLOWS
TUF CEw PATH OF AN BEMBTY DOMATN,
HIMEMETON SMXEB6Ys SMY(6ER) . L)
Y = om0y o« aB(1)
v o= S0~ SB(2)
IE(Xr oGTe 0 «ANP, ARSLYC) sLTe XC)Y O TO HatO
IF (X~ oLLTe N oANDe ARS(VYC) oLTe AFS(XCY) GO TO R348
1E(Yr 4Ty MYy A0 TO 2470
LeFaeYyY = A
Qe TA o
2410 | CFREYY =
~fY TR 1aPs
241t LOFGAEYY = 7
e TA 08
2420 |LLBFC(YY = P
24P . FERe(1) = 1

MY = DHINED - ) = |
M2 e | SFGY)

LY C IR |

L LS |

NA 240N K= 4NT 2
N7 = N2 4
XC ¢ SP(K) - SP{K=2)
ve = eD(K41) - SD(Y=1)
A0 TN (244N 4450446062470 N2
wnan P = vesYe
1 (M 4 GTe A1) o TO 447
1F (7 ol Te 1eP) GO TO Ag90
FALL FOTMItK et e el o)
IE(L 7 Qe MY &N TN RAOn
anT L eEAINESYY ¢ P
e TA 400
AprA P = we Ve
1F (N 4CTe A1) GO TO 4K%7
1F(? ofTe =142) 60O TO 2400
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CALL. FOTMI(K 10l o)
IF(L aFNe MY OO TH 349N
OO IR+ =7

cn Tn jnr

Toom MO ANC

IC(MA T ALY OO TO AT
IF(? of Ta 1a7) 6ON TH 40N
CALL FOTHY (K gt aDal o)

1V (1 «Ffg MY O TO A4 AN
fOFCErraly m oA

CcNoTA ann

"o wesYr

IF(rn oFTe H1) GO TO A47T
1IF(? «CGTe =1ai’) OO TO 2400
FALL et e=1 000l 0 )

1 (L ot P MY AO TO 1400
S e enNeEe YY) o

I N

T (ME (T ©) AO TO 3400
1E (P 4PN NM1Y A0 TN 404
MO o | CFR(NS)

| Crre Ay o

N e

CORNT INUF

Lafre (Maa) ) = DENEP -
N TA N

| SEAENME) = N

| SFECae(Ns) = DENSP = )

a0 TA w0

Nt = CYCLF -~ 1

PRINT 2406, N

FORMAT( /// '#%%#X CRROR == PRE ENTLYs FREE SURFACE 1S LIMITED TO

14 SEAMENTS. SURFACE TEN&ION EFFECT 1S NFGLECTED AFTER CYCLEDY 14
=} t (QTMT 14aR) 1)

AN

L 1=3-To)

Ao

2
Qe

1egqn

1645
ARTA

| FPeAR = )

PETHION

NN esn L=1.4

IF(LEFGIL)Y oFQe N) GO YO I8S0

Ml = LeFGSL) "
IF(L oCTe 1) Ni=N]=1N i
MD = | SFGS(L4)) = 2 i
Nz (NP - N1Y/2 :
N 1ea0 T=N1 NP2

Jo= ! 4+ 1Y?

eMy( gy = SPD)

eMy( gy = SRECT+1)

N = | ereL)

CA TA (ABDE 4AEAN  ARPE ¢ 1E20) ¢N2

CALL | SOPF1(GMY 4aMY 0 yNe 70 Co IFRR)

O TA 40

MO e =M NP P

MY (1) = =~ aMX(l)

cCALL LCGDPI(QMYQQMYoﬂ‘No7oCo!FQP)

IFLIFEDR otlF e M) O TO ARAN

A Ear 12140

AV W 1) = D)

IF(L «F0s 2 oDRe L oF Qs 4) SMC (Lo 1) ==C( 1)

CONT M~

1
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RPETURN
anAN N1 n CYCLE - |
PRINT AEA4 o« NI
2664 FORMAT( /77 1+ %%%% ERROR IN SURROUTINE LAQPF 1
1F TEMRION EFFFCT 18 NFGLFCTED AFTER CYCLE?' 14)
LreRaARp ~ 1
RFTUMN
PP
IFORVIT CNAE0R
SUBRALITIMNE ARROW(IX1e1Y14IXP o IYPWTHITE « IRASE)
HEIAKMT = THITF
RAGE = |RASF
%o %P
v? 1v>?
ny 1v? - 1V}
NX IX? - IX)
Q0 2 1o /RORTIDXHNX + DY*DY)
FACTY RASF % (-&6*DX)
FEACTY = RAGE % (SQ¥NDY)
¥ = X? = HFEIGHT % (SN¥N¥X)
Y2 = Y2 = HFIAHT * (SOQ*DY)
I1%4 (X3 + FACTY) + oS
1va (Y = FACTX) + o5
1§ 4 (Y3 = FACTY) + oF
1v5 (Y3 + FACTX) 4+ o8
CALL LINFYV (IX4e1Y44IX201Y2)
CALL LINMEV (IXS,1YRIX241Y?2)
RFETUDBN
FND
IFORW I8 §N=24Q07
SUBPALITINF FCTNT (KeXel. o M)
COMMNAN/L.3/ SP(482)s DSe STCe STHo
1 STYR,« NSPy LSFG(S5) s LSEGS(S)
)
N
1IN =144
NA + P
(AR1N43R1IR)e M
NR, U 2 {SP(Na+1) = SP(Ng-1))/(SPIN4)
IF(Z oL Te X)) RFTURN
a0 TA 830
aa1s 7 = (SP(NgG) = SP(N4=2))/(SP(N4a+1)-SP(N4=1))
IF(7 oCTe X) PFTURN
CONT I NUF
L = 1
PETUION
FNTRY FCTN2(XeXTFaY)

L2 B I

t N e

nunan

STRe STZ»
SMC(449)

- SP(N4g-2))

2p3n

X = eOPT(STRAP=CTR7ZO*(Y=STC)##2)
¥l = OgSAXTF
Y1 = NeSNCI¥XTF

aran (F(ARS(X=-%1) «LTe Y1) GO TO 3850
X1 = %1 + XTF

~O0 TA 840
MnEA X = v
PETUON
AP
1EORL 1S enAenn
SUBRAUTINF FORCF (K4N1 sN24¢N3sNA NS STUSTVY)

A-30

STR2

(STMT 23540)e SURFAC
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C «#%¥% FORCF 1S COMPUTED ONLY WHEN SP(K) CROSSFS XC OR YC ONCEe

1

271N

715

NDIMFENMATNN SMX (1), BMY(3)

COMMON/L3/ SP(4BR)Ye DSy STCe STHe STRe STZ STR2e« STZ2¢ STRZZ20
aT7RP2e NRPy LOFGIR) ¢ LAFGHIA) ¢ SMC(A9)

Ng = 0

NG o A

X = FLOAT(NIY) = 148

Y =2 FLOATINDY = 14R

HMY = X = Ne&

HPY = ¥ 4 NgR

HMY o= ¥ = N¢H

HPY = Y + Ne&K

IF(k oGTe LEFASINT+TYI) NIZNI+]

NG = | GFGINT)

GO TO (371043730¢371043730)4 N9

SMY ¢ 1) X = NeK

SMY(2) = X

MY (1) = X 4+ 065

NO 3718 M=1,43

aMy (M) = SMC(IN9 1)

NO A71{K N=1.7

SMY (M) = SMY(M) + SMC (NO ¢N+1 ) #SMX (M) ##*N

IF(SMY(2) oLTe HPY oANDe SMY(2) oGTe Y) N5=N2

IF(SMY(2) «GTe HMY oANDe SMY(2) oLFe Y) NS=N2-1

IE(SMY{1) oLTe Y sANC e SMY(2) «¢GTe Y ¢ANDo SMY(3) ¢GTe Y) Na=N1~-1

IF(SMY(1) «GTe Y o¢ANDe SMY(2) oLTe Y ¢ANDe QMY (3) oeLTe ¥) Na=Ni-1}

IF(SMY(1) eGTe Y oANDe SMY(2) ¢GTe Y ¢ANDo SMY(3) «LTe Y) Na=N1

IF(SMY(1) eLTe Y oANDe SMY(2) oLTe Y ¢ANDo SMY(3) eGTe Y) Na=N1

IF (NG «FQe 0O ¢ANDs NS Q¢ 0) RETURN

XC = (&MY(3) = SMY(1)) / (SMX(3) = SMX(1))

YC MY (1) = XC#SMX(1)

Yn = vy + X/X%C

GO TA 1740

2}

SMY(1) = ¥ = 0,8
eMy(2) = Y
aMY(2) = ¥ + N8

NO 7R M= 47

aeMY (M) = SMC (N9 1)

NO 29" N=147

SMY (M) = SMX(M) 4+ SMC (NO ¢N41 ) ¥SMY (M) #¥N

IF(SMX(2) oLTe HPX oANDe SMX(2) ¢GTe X) N4=N1

IF(SMX(2) oGTe HMX o«ANDe SMX(2) oLFe X) NazN1-]

IF(SMY (1) oL Te X ¢ANDoe SMX(2) o¢GTe X s ANDs SMX(3) oGTe X) NS=N2=1
IF(SMX (1) ¢GTe X oANDe SMX(2) oL Te X ¢ANDs SMX(3) oL.Te X) N&=N2=~1
IF(eMY (1) eGTe X ¢ANDe SMX(?) aCGTe X oANNe SMX(3) oLTe ¥) NS =N2
IF(EMYX (1) oLTe X oANDe SMX(2) oLTe X ¢ANDe EMX(3) «GTe X) NS5=N2

CIF(NA oF Qe N ¢ANRe NF JFQe MY PFTURN

740

Q740

xC (EVX(A) = SMX(1))/(aMY(2) = SMY (1))
YC = aM¥ (1) = XC*aMY (1)

i ]

A48 X 4+ Y/%C

¥ = wOR(YD = YCI/(1e0 & XCH¥R2)
¥ = eMr (NN 2)

P = AN

no 1 aan INED Y )

Y v + FLOAT(N+])*QMC(NQON+?)*X**N

rd 2> 4+ FLOAT (N®(N+1))%#QMC(NO¢N+2) ¥ X% (N=1)
TEMPA = (1eN + Y*¥D)%¥#2

co ™™ (a?ﬁﬁ.???ﬁ.176001770’0 No

»

0w on
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\‘A 8 “AH _ -~ 5 _‘ = ~‘ i ’

ATARN TFMPY = X% (140 + Y%%2)
STV = 2/TFMP2 4+ Y/TFMPY
OATU = =¥YRZ/TEMPD2 ~ Y¥%2/TFMP1
RFTURN

AP0 TEMPY 8 (YD = X/XCI%(1,0 + Y#¥2)
STV o =Y¥Z/TEMP2 + Y/TFMPL
T » P2/TFEMP? = | 0/TEMPY
PFTUPN
MR

TMAR G IL MATNGMATINM

LIAR  CSYCTaMEFCG,

™M any

1COPOUT TPF®e sLHMAC?

tOFWMINDG] | HMAC?

‘FRFF LHMAC?,

tXOT MAIN

ot

C XRREE DATA NFCK HEXR

o

RN

*FIN
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Appendix B

LISTING OF LHMAC 3 PROGRAM

t*

W A T

oy — Y v e . . AEY .
N 'Y B B T T L a w




-l B

——

yoomw

w/ e Y mE T T T e e s o m

LMSC-HREC D225632
YOUIN G 22T Listing of LHMAC3 Program

1MAG N LOCKHFED-HUNT]YVILLE 3D MAC PROGRAM (TAPF GEN 090272)
1ACG,T LHMACT+TeRAVFOE o LOCKHEENDMAC3PROGRAM
YOFWIMD LHMAC?
1IFAR 17 eny sany
o
¢ LOCKHFED/HUNTSVILLE 13D MAC PROGRAM (LHMAC3, 64K CORE SPACE. 4 DRUMS)
o
COMMON/ZIL1/ 1TYPF« I1BARs JRAR. KRAR. [P2+ JP2e KP2s TARRAY(S000)
1 AEPAY1(S0N0)Y ¢ ARRAV2 (5000 4 ARRAY3(S00N) ¢ ARRAYA(SN00Y ¢
o ARDAYR(RNON)
FOUTVALENCF (TARRAYIFLAG) » (ARRAY 1 «PHI )¢ (ARRAY24U) s (ARRAY3 4V
1 (APPAYA W)Yy (APRAYS WD)
INTFRFR TYPRF(22)
NATA TYPF/19H © IN PAPFR o P0%6H /
an FOPMAT(IATIR)
CALL IDENT(Q.TYPF)
m= PFAR SNe [TYPFe TRAR. JRARs KRAR
IP2 = ITRAR 4+ 7
JPP = JRAR + 2
KPP? = KRAR + ?
IF(ITYPE) 7R4AK AR
68 CALL MAIN(IFLAGIPHI ¢llaVa D)

~O T &8

2a CALL. FNDJOR
eTAD
FND

IFOR, 18 ena,an?

SUBROUTINF MAIN(IFLAGPHI sUeVeWeD)
COMMAN/L 1/ ITYPES 1BAR. JBARY KBARs 1P2¢ JP2s KP20 IARRAY(S000) «
1 ARPAY 1 (SOCO) o ARRAY2(S000) o ARRAYZ(S00C ) » ARRAYG(S000) »
©» APRAYR(RON0N)
COMMON/ZL 2/ IX(100)s 1Z¢100) X(2000)s Y(20C0)s Z(2000) PLTX
1 PLTYs RPPULs MARGNX MARGNZ« NSEGPTes NIMRKRe COSPSIe SINPST
o COMTR1s CONTR24+ CONTR3, CONTR4s XV{2431)e ZV(3431)
COMMON/L3/ 1Fs IFHe 1S+ ISHe IFULs IFHe IRe 1CST1e ICST2e 1Pl
| JUM1, KDl 1CYCLFe 1CFLLI(A) » wLMT
COMMAN /L 4/ DXODY s DXCD7e D70DX D7Z0ODYs NYOINIXs DYODZ
AIMENCSTION TFLAGIKP? s JP2s 1P2) s PHI(KP24JP24IP2) 4 UIKP2,JP2¢1P2) s
1 VKPP «JIP241P?2) WIKP2 4 JPP 4 1P2) o DIKP2+4JP24IP2)
NIMENSION TITLF(12)e IOPT(16) IPLT(16) ¢ IPRT(16)s GRT(16)
1 GR¥(70)s GRY(30) GR7(30) ¢ BDRY(6)s NSEGVI3) JPLANE ()
NDATA IFO!FH.ISQIQHQXFULQIFHq18/10000200093000o4000q5009060000
1 7000/ ICSTI\lCQTEo1C9T30lC9T401CST50ICST6/1091000100C020000
2 1NANDBRANAY COTI4CRT24CETR/060¢0e0CaDeN/ 0
2 PIPeI/2e141592T741eN4T72/ 0 1RIGN/=-1/

10A FORMAT I PAR)Y

11N FORMAT(IATS)

114 FORMAT(1FAFS41)

12N EADMAT(RFIN4)

tan EARPMAT(IHI 4 120R)

120 FARMAT(// (1A1R))

154 FORPMAT(/ (1AFRGPY)

16N FORMAT(//Z (PEIS))

170 FOPMAT(// (10F136A))

174 FORMAT(// ( RF1648))

190 FORPMAT( IR, 110y RFDNA)

10~ FAPMAT( /)

L4
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ML) - A0
MUD - D

MU - 00

MIA & OO

REW NP "

PEARN ANy TITIF

LMSC-HREC D226632

READ 1104 LNTHIs LNTHZ LNTH3e LNTH4e LNTHSs LNTHGEe LNTH?
REAM 110¢ NMPPUX, NMPPLIY s NMPPU?

RFAD 110¢ (1OPT(1)eIm1e16)0
RFEAD 1104 NGRTe LHTe NVPLT,
nO 2= Jsl W NVPLT
v = NEECA ()Y
L=
PEAM 1144 (XVI(LeaT)el=14K)
PEAN 1144 (7VILaT)al=1eK)
WV (L K41y = XYL o)

PR PVEL (+1) = ZVIL 1)
NMPBA~ = NMPPLIX#NMPPLIY #NMPPLSZ
Jl = NERT + 1
JP = PENGRT
REAN 120, (RARY(1)sT1=1+6)
PEAR 120, (GRT(TI)1=14J1)
PFEAD 120, (ARX(T)e1=14J2)
PEAR 120, (ARY(1Yel=14U2)
DEAN 120, (CR7Z(1)41=14J?)
PEARN 120, DT, NDBFTA. DX¥Xe DY
1 ver,ALF . WALL

(IPLT(TI)el=1416)e (IPRT(I)e151416)
(NSEGV(1)al=1e3)s (JPLANF (1) e13143)

D7, FPSA, EP&D, FPSP, FPSv, RHOs RNU.

RIFAN 120, TIN, TPLTes TPRTe TCOMPs TFIN, TCPU

IF(IORT(1) oFNe 0N) GO TO 391

PRINT 14N, TITLFE

CALL FLEOUT(TCRUY)

PRINT 310« (I10PT(I)el=1016)0
21" FORMAT(//7 ¢ VALUFS OF 10PT(!

(IPLT(I)el=1016)e C(IPRT(I)41=1416)
ye IPLT(I) AND IPRT(I)'// (1618))

PRINT 7314¢ ITYPE. IBAR. JBARs KBARs LNTH1e LNTH2s LNTH3e¢ LNTH4 .
1 LNTHSe LNTH6e LNTH7s NMPPUXs NMPPUY NMPPUZ e NMPPC

214 FORMAT(/7 Vv ITYPF =t 12+ 4Xo
1 IKPAR =t 176 4Xe 'LNTH1 =¢
o * LNTHa4 =t [, !
2 12, ¢ NMPPIIX =1 124
a ¢ ANMPDC =0 T R)
PRINT 21Re NGRTs LHTe NVPLT
1A FORMAT(// ¢ NGRT =t 13+ 4%

LNTHE =t [34
NMPBL)Y =9 124

VIRAR =1 I3 aXs tJBAR =t [3¢ 44Xy

134 ¢ LNTH2 =t 172, ¢ LNTHA =¢ 13
LNTHA =t 13//7 v LNTH?7 =
NMPRU7Z =t 124

(NSEGV(T)al=143)s (JPLANE(I)el=143)
ILHT =9 1R3¢ BXe 'NYPLT =t 1244X0

1 INGEGVYITY =t 13 TXe YJPLANF(T) =0 3t

PRINT 722 (CGRT(I)eI=14J1)
a22 FORMAT(// ¢ VALUFS OF GRTI(I)

1 /77 (1CF13.A))

PRINT 170y (GOX(1)al=1eJ2)

PRINT 170y (CRY(T1)al=14JP)

PRINT 1706 (GRZ(1)e1=14d?)

OPINT 17Ny (AARY (1) e1=14/)

e GRY.(J)s GRY(J)s GRZ(JY AND BDPRY (1)

PRINT 72264 DT DAFTA. DXe DYe D74 FPSA, FPaADe FPSPe EPSYs RHOs

! Dty VECALF s WALL
~p0e FORMAT(//7 ¢ DT =0 F10ae7s !

DBETA = F7e¢3¢ DX =t F7e¢80¢ X

1 1Ny =t F7¢44 SX¢ N7 =1 FTalty SXa 1IEPSA =V Fhedy AXe YEPSDH =0

2 FbHes AXe 'FPSP =t Fhet//
2 IRNLI =0 F1Ne76 ' VSCALF =1
PRINT 20, TINg TPRLTe TPRT.

2130 FORMAT(// ' TIN =t F6He3e 5Xu

' FPSY =0 FBe2s GXe 'RHO =t FBe2e 3o
FGARe3e WALL =0t Fdel)
TCOVP, TFINs TCPU

ITPLT =' F6ee 4Xe 'TPRT =t FBeSGe 2%
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| ATAOMP =0 FR.A, 1 TEIN =1 FRa4y ¢ TCPU =0 FRatr//
a oy Al 1IFe OF ¥\ (Jal) AND Py (de ) /)
NN 9t st GdNVPLT
o= MeEFGV ()Y 4+
o)
PRINT 1544 (XML 1)eTm10k)
A0 PRINT 104¢ (ZVIL eI e lm1ek)
M) CONTINT
J1 5 1PoRIPARCPD
1F(JY olL.Fe 1C0HTHY a0 TN ang
PRINT 40y TPy IPPe KD ]
40" FORMAT(//7 ' X% RROR ¥% EXCCUTION IS TRRMINATED DUE TO S1ZE LIMIT
IATION(4ON) s VALUES OF IP2, JPP, KP2 AND THE IR PRODUCT ARE Y 3la.
" 1A, tet)
(al=t JRTSIN]
nte CONT YN
roepe] = COS(PaL)
SINPer = SINIPST)
TEMD 4 | NTHY
TFMPo LMTHD
TEMPa = [LNTHR
CN TA (B1148D145214821): [TYPF
511 Jl = TFMPL + TEMP2#COSPS1 + Se 0
JP = TEMPA 4 TEMPIRSINPST + 160
AN TA ®71%
~21 CONTINMIE

[

S .1 1 Y5 ST -V, J—

mea FORMAT(// v #% FRROR %% THE MARGINS OF A PLOT HAS NOT REEN CEFING
1IN VE> ET71) 4 0)

PFTUON
# COMP ReTR PTS FOR PLTSe #* ARG MRKR PARTICLF S
e71 NRPPUILL = 1023/MAXD(J]6J?)

RPPLE = NRPPLP

MARCANY = (10p7 JIRNePPUILY /P
MARGAN? = (1023 = J2ANPPPUL) /D
GO TA (BAR14IN1470147N1Ye TTYPF

. _E =81 J1 = TEMPRRCOSPSI*RPPUL
1 JP = TEMPOXS INPSTRNOPUL
1? “ J? = LNTHY ¥NRPDUL, ) .
Bl Ja = | NTHASNRPOUL i
1. VPMAaY = FLOAT(J1)/Pe0
A VPMA? = FLOAT(JUR)I/Pe0 !
.y k NO @as =1 NVPLT
’ € = NCFGVLT) + 1 b
N RO epae gz K !
. § YV 1401 = PPPUL RV ET4D) + VEMAX
' sR8 2V(T4J) = RAPPLUL¥ZV(TJ) 4+ veMG?
4 —_ N o= 1
;' i nO ey 1=14°
I¥(NY = MAPRCKNY
3 IX(N+1) = MARCNX 4+ J7
9 IN(N4DY = IXIN+1Y +
' I (NLY = I (N4DY) = U7
I (Nsa) = IX(N)
_ 17¢1y = MARANTZ
%{ ; 17(142) = MARCNZ 4+ J?
it « 17¢14RY = MARGCN? + )4
' 17¢147) = MARAN? 4 Ja + J?
14 ‘
E; ' B-3 _
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YN =N+ R
I = =
L S T A4

NO ANy 1ol 1417
Iy = 1¥(K4P
IW(Iw0Y)y = IN(K+L)
I¥(14a) 7 I¥(F)
12(My = 17(M=4)
T2¢1y = 1Z2(K+D)
170142) = 17(F+1)
12¢140) = 12(F)
[\ - *
AN M 5 M +
NEFART = 164
201 COMTINUF
IF(IOPRT(2) +FNe NY GO TO 711
PRINT N4 NEFGPT
704 FORMAT(// ¢ NSEGPT =1 13s ¢ AND VALUFS OF IX(1) AND 12(1) ARE Glv
1FN AL OWg 0 )
PRINT 16N, (IX(1)e1=1NSFGPT)
PRINT 1506 (I1Z(1)s1=21NSFGPT)
T11 CONTINUF
1P = TRAP 4+ 1
JP1 = JURAR 4+ 1
¥P1 = KRAR 4+ 1
CONTEOY = [RAR
CONTEO? = JRAR
CONTP = KRAR
COANTRE = DN
NO 741 K=l ,4kP?
NO 241 J=14JP?
NO 741 1=141R2
IFLAR(K«Ja 1) =
PHI(kedel) =
Ko 1)
VIKeJe 1)
W{lke Jol)
~a1 N(Ky gel)
TFMB) 1o N/FLLOAT(NMPPL X )
TFMP» 1o N/FLLOAT (MMPPLIY)
TEMP A = 1 N/FLOAT (NMPOLIZ )
xC tRAR
ye¢ JPAR
7C LHT
XX N BRTEMPY
YY = NeERTFMP?
= M gBRTFMMA
PLTY = TEWP?
NMARKR = O
A = A
GO TA (751411014110141101)6 ITYPF
751 TFMPDA = 7C - TEMPR
PLTY = ¥C - TFMP)
I0E K = AN 4+ D7
761 ) “eN 4 YY
e 1 DN 4+ XX
NMAREP = MMAPKR 4+ )
Moo= Mo

an

1 W
n R NN
D D Dt
o o o

1]

nou o

noa

t?




771

77=

781

7A%

791

0=
1171
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K(MY) = ¥¥
Y{M)y = vYY
7{My = 77
IF(M (NFg ICRTHY CGN TOH 77
WRITEFINUIEY (X(LYolrl e ICSTAY e (YL Yool e [CRTH ) (7)ot « 1CRTA)
M A
CONT MY
IFLAC (K de 1Y o T+
¥¥ n ¥¥ 4+ TITMPY
IF(YY «l.Te ¥C) GO TO 764
YY & NGCi¥TEMPY
YY = YY + TEMPR2
IF(YY oL Te ¥C) GO TO 761
XX © NgGATIEMP]
YY = N BXTEMPD
77 = 77 4+ TrMmp~a
IF(77 oLTe TFEMP4 (ORe 72 oGTe 7C) GO TO 7789
MIMDPD = NMARKR
XY = NgR¥XY
YY = NgR¥VYy
TEMPD Y = N WSATEMD)
TEMPA = N ERTEFMPR
IF(77 o#LTe 72C) GO TO 785
IF(M o.Te 1 )} €O TO 7R}
WRITE(NUT) (X(L)el=leM)s (Y(L)oL=1eM)o (Z(L)yel=1l M)
CONT INUIF
NO 708 J=24.JP1
nNO 75 1=241P1
1IFLAR G eJel) = Im
IFLAARIKPPsJal) = IR
NO 701 K=2,KP|
NO 701 1="41P1
IFLAR(a1el) = IR
IFLAR(I«JP2e1) = IR
NO 7068 K=2 KO
NO 705 J=2,4.JP]

|

IFLAR(IeJel) = IR
IFLAR(KKsJeIP?) = IR
CONT M

NXONY = AX/NY

HXON? = NX/N?

N70Ny = NZ/0%

n70ny = NZ/NY

HYOPY = DY/NHX

nyYon? = NY/N?

PIXHY = MHXEOX

NDYNY = NDY*NY

N7ZH? = DH72#DY

NXNY = AXRNDY

NYN? = DY#ND?

N7NY = NPXNY

COAFY = DgNADNLI/DY
COED = DgN%PAII/NY
CNAE =2 PyNEPNLI/ZNT
COFa = (160 4 FPSAN/Z(2,C/DXNX 4+ 2 0/DYDY + PeC/NZD2)Y

1TFMA = IPRT (=)
KLMT = | HT 4+ 7
KLINTT = KLMT

L2
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P IsnN Mg

WRITE (NUAY (C(D(Kedo 1Y almt o IP2Y adm ] adPD) oK1 o KLIMIT)
CALL CPLLIN(IFLAG«PHT atloaVaW oD 1 TEMPY

jevep e o= 0

T oo NaN

JOMD 1 N

JPILT o 0
JPOT A N
NGE
POy T

=

T/ ™

PORT o T/TPPT

W MM T/ TEAMD

IF(FPL T oNE, JPLTY 6O TO 160}
1E(IPLTIYY oFOQe N GO TOH 1491

12 - 1TVYpT

12 -~ 100T(1)

ta = 1

Inlaf 1T ENTR N NIRA|

M = NMAPRKD

CALl FRAMEV((N)

IF(M T, I1CaT4) M=ICATA

REANCNUTY (X(LYslm) oM)y (Y(L)al=1eM)y (Z(L)el=1eM)
CALL PLOT (101TYPFy 13014 4M)

M = AMARKR = T4%1CCTa

I1E(M o Te 1Y GO TNH 149

ta = ta 4+ 1\

cNTA (a2

CONT tNUF

IFLIDLTIY) oFNe N +NORe KPLT oFQe O0)Y GO TO 1581
NETPMT = 18201

NO (e =1 NYPLT

CALY FEPRAMEVY(R)

J o= 0 ANF (L)

1A = NeFAY(L )

M = N

AO (@18 =2 €l MT

77 = PDEPULF(FLOATIK) = 1e8) + VYOMGZ
nO 1E1) 1Py

IF(IEl AGIKJe 1) oLTe 18) GO TO 1511 i

b T s B S

Moo= 4 |

YIMY = DPPEPLE X (FLOATIT) = 1e®R) + VPMGY

7MYy = 77 |
X(1CaT3I4+M) = Do B¥RPPUL¥VSCALF ¥ (UK yJoI=1) + UlKaJdel)) + X(M)
Z01CETA4M) = OoSRRPPULHKVECALF* (W(K=14Je1) + W(KeJel)) + Z2(M) :
COANT PN {
CONT I

IF (M ¢ATe 1roTR) GO TO 01

CALL PLOT (2e10S T4l o 144V)

CONT ENILIF

JPLT = JPLT + 1

CONT A IF

IEC(IPRT() FNe NY GO TO 1RAY

o R dalshy PN L JPRTY 6O TA 1RO

PR TSN Nta

AR (MUA) (NI e 1) 1210 1P2) a1 edP?)a=14KLIVMIT)

NA 17208 Ke? K| MT

IR E LLENEL Nl

NO 1701 1=7,4 10
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17 01eL Al
NEKeael)
1~ (PHI
- (PHY
7 - (PH]
- ’ 1720 CONT MM
1700 CONT MO
: ' PRINMT P

' 1R1N FORMAT( )

1 MO0,
o o w
a (B | 1r

AC 1 aT7c

PO Y oT6

AR 1Ny

1 o 1 &
1Rl o7
1Pt &N
PRINT 1A

! Direde

Dol ede
183A FOPMAT(R
rA TA R

1861 PRINT 1890,

1 Nlweds
1871 CONTINUF
1P78 CONTINUF
JPPT =
CONT MU
IF (KD
EY = NgP
Y = AN
F? = NN
PMy =
RPMY =
RM? =
1?7 = »
O T (1)
no 107y
TEMD A =
TEMP o
nnd 10
TFME»
TEMPD»
TFMPa
B FY =
' PMY =
[AIMY =
N taonss
TEMP Y
TEMP
TFMPe=
FY = F
PMy =
PV -

# 1R0]

1

MNe
Ne
MNe

{j 1oty

- 0

[§ B

n

Fy

102

I << nn

il 100K
10

no 1nay

TEMDY =

LMSC-HREC D2256632

(Kedal) ol Te
s N(Kedal)
(Kadat41) + PHI(FadoI-1Y -
(Kot ol) + PHI(Fad=1al) -
(K4toedol) 4+ PHI(K- odoly —

1IFU Y O ToO 170

1Ny Ta ONy Q¥

HYly ¢ VLOCITIES

C Y Y P0Gl )
1 IrLAG 0

| AR e YA

oy gl MT

Jrledph2

TeleIPDe”

1

e 1Py A TO (AAY

o 1Y PPIMT 10N

206 Ko Jo 1o IFLAGUIC Ja ) e UlReJal) o

190 BHICKCOS ) Lo IFLAGIK qJall) e LKL 0

LYe Btk edell) e PHI(KJL)

123 1Ay BF1064y P16s BF1064)

"

CFe 1CYCLIs YT

ANDY DREFOGUIT AT TIM(
C7 o1 TNghe + 1OYOLE & 1A
Ow,e 1TV Oy i O¥e 1N NN,
Gy T AY . 1Y DYy IRHIT YY)

el

OX oy

VIiKeJe !

Ke Je 1o IFLAGIRsJel) e UlKsJel )

1)re PRIt

JPRT 4 1

NE . JOMPY B0 TO 100)

0
n

o

Q11417114 198141981) 4 ITYPE
2D ykLMT

K

AZA(TEMPA = | ¢&)
NELFNIc1

- URAR/Z 4+ J

AY* (TEMPS = 1 45)
RHOXDYDZ ¥ (PHT (K4 Js 1P1)
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LMSC-HREC D226632

TEMPY &8 NX¥(TEMPY ~ 17)
NN 1nay JdafeJid
TEMPA = ~ JURAR/D + J
THEMP o DY (TEMPD ~ 1 aK)
TEMPA @ PHOXNXNY*(OHT (KPP e l) - PHT (TP ede 1))
F7 & F7 4 TEMPA
PMy o PMY ¢ TOMP R TEMRA
170 PMY « MYy~ TEMPD L #T MDA,
NO 1mBRYL Kad el MT
NO 1aRt Je” e
NO 1aRy 12D 1P
1OG] P(K e 1el) o RHOXPHT(KeJe 1)
.= »
MRIMT 1970
1070 FORMAT( /777 1+ PRESGSURE PISTRIBUTION(N/ME*D) ON THE LEFT(ReJe2) 0

1

1GHT (e Jde 11 ) e FRONT K20 1) BACK(K s JR o 1)y HOTTOM(20de 1) AND TOP (K

PElaugely W/ 0 WALLS OF THEE CONTAINERY RESPECTIVELY v )
PRINT 190
nO 1aTY JoPyWJPY
N o=
1971 PRINT 1972 (P g Joll) sK2 2 KLMT)
1072 FORMAT(10F17:6)
PRINT 100
NO 1077 J=d4JP1
N2
1973 PRINT 1972, (DIKeJa 1P1) aK=2KLMT)
PRINT 100
Yy 1074 KD WKILMT
= W
19 4 "NINT 1972 (DINJLaT)e1=201P])
PRINT 190
PO 1a76 K22 eLMT
N = ¥
1o7e PRINT 1072, (DINGJIPL 1Y 122 1P
ORINT 100
NO 1o7e J=2.JP1
N =
1976 PRINT 1972, (D(LaNe ) a1=20IPY)
PRINT 190
nO 16877 J=2.JP1
N
10977 PRINT 1972, (NDIKPLNs ) 1224 1IP1)
1R JCMp = JCMP 4
PRINT 190844 Ts FXe FYs FZe¢ RMXs RMY+ RM?Z
1684 FORMAT(// ¢ T =9 F10eSe ¢ (SFC)es FX =t E10e4y ‘e FY =¢ F10sas
1 Ve F7 =t F10els v (N)s RMX =1 F10eGs Y4 RMY =0t El1Ceds Yo rMZ
2 Filneds ¢ (N=M)at)
toay) CONTINUF
~ %CK 1F RANPY PREGEURF MFFDS TO BE ADJUSTED
HO PIE8 KD kKLMT
nNO P8e Jz=P 4 JP]
NO 2181 1224101
YE (1l AG(KeJel) «GTe 1SH) GO TO 21581

IFCIELAGIK Je 1) oL.Te 1S) GO TO 2141
M = (IFLAG(KsJel) = 18)/1CSTI

1F (M o«CTe 1CSTR) MeM= 1CATH
TF (M oF Qs I WORe M ¢FNe 4 ) GO TO 2111
TF(NM oF (e P eNRe M FNe A )Y GO TO 21”1
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LMSC-HREC D225632
1AM oF Qe 16 oORa M aFGa A0y GO TO 21131
G0 TN 214l
PHI (ks Ja 1) = COFIR(UCITydal) ~ UKy Je1m1Y)
o0 TO NY1EY
PHI(K e del) = COFAMN (WK Jal) — WIK-Tadal))
oo TA DIRY
PHI(Keda]) ¢ COFARIVIKgdel)) ~ VIKed=1e1))
6N TR YR
PHItwre dal) ¢ e
CONMT IMEI
CONT UM
ACCIAM NIRRT TO MP
{1 I
NO P17 JuPedP
PO D7 Tu e 1P
PRI Tedal) 8 PHIGLT410d0)
PHI(EP? e 1Y 2 PHI(KPIeJal)
A P76 e eLMT
AR PyTe 1aP eIy
PHI(KLTol) = PHI(KLI+1s 1)
PHI(KeJPPe 1Y = PHI(KWJIPL 1)
NO PP Ko @i MT
MO By JePeJbt
PHI(weJel 1) = PHI(MJL141)
PHI (e Ja IP2Y = PHItK I IP1)
rO TA ME
CONT {NF
1cyct P o= 1CYcLF +
T = v 4 NT
1E(T «CTe TEINY RETURN
PEWIAN YD
WRITE (NUI2) (((le(KcJoI)ql:lolp?)tdﬂloJPP)eK=l.KLMT)
RO 2101 1=1MODT
IEF(T «nTe APT(I41)) CO TO 2101
J = a8t — )
TEMD Y = (T - CRTUIINIZGRT(ITI+) - GRT(I1))
Ay = ARPY(J) 4+ TEMDIX(GPY(J+1) = GRX(J))
oY = ORY(J) + TEMPI#(GRY (J4+1) = GRY(J))
(4 GPZ7(J) 4+ TEMDIR(GOZ(J41) = GRZ2J))
O TA 2las
CONT INUF
CONT IALIE
MO PaR e MT
A Nana =2, Jby
ne tAny 1224 1P)
IFCIFLACIK Jal) oL Te 18) GO TO 2231

"

THEMPY = l'(‘(!\’!')'*(l'(KQJQ!"‘l)"’[’(KQJQI"l))/Dx

THEMPS = V(KQJOY)*(V(K.J+l!l)“V(KQJ~‘Ql))/DY

TEMDA = Wik Je 1Y HCUIKEL s D) =W k=14Js 1)) /D7

TEMP Yy o= (U(KQJ+1ol)‘H'(KQJQI))*(V(KQJQI+1)+\I(K0J01))/400
TEMPe = (V(K*»lﬁdol)"‘\'“(od\l’)*(\ll(KOJ*lﬁ‘7+\"(KOJ01))/400
TFMBYe = (‘)'(Kodol+l)*“!(|‘.o\)ol))*(L'(K+10JQI)+\J(K0J01))/400
TEMP = (U("'.oJo!)-H!(KQJ"lol))""(V(K.J-lol#l)+V(K'0J-lol$)/400
TEMPR = (V("lodol“'\!(KJJQ!"‘!))*(\_J(K0J+lo!-l)+U(I<0Jo!-1))/400
THEMPO = (V("fodvl)+\l(|’:"\0J01))*(‘.‘HK-10J*10|)*"J“"«"‘lodql))/400

THEMPO= (N(K.th)rW(KqJ-loI))*(V(K+1nJ-lol)+V(KoJ-\ol))/400
TEMYy )= (W Je T Rt ede IT=1 ) H (UKL e Ja I=1)2UKsJaI=1) 07400
THEMP Yy = (U(K.J.l)+U(K~1odol))*(w(K-1.J-1+1)+w(K-1.J.l))/a.o
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L.MSC-HREC D225632

TEMM11 = RNU%((H(K.J.1+1)+U(K.J.!~1)~n.nwu(KqJ.x))/oxox
1 + (l)(l‘f.J+laY)'Hl(l‘fo-J"loY)’"?ao*ll(KuJol))/DVDY
oot (U(Kfcho!)*H(K”\0J9l)”PoO*U(KoJQI))/D?D?) + GX
TEMPD 4 - NNH%((V(K.J.l+1)+V(K¢J.I~l)mP.OMV(w.J.l))/DXDx
1 + (V(V.J+1.l)+V(Vcd~1-l)~Poﬂ*V(KoJ.l))/DYHY
ot tV(V+1oJo!)+V(K~t.Jcl)Hﬁoﬁ*V(hoJ.l))/D?ﬁ?) + GY
TIrMIyR - NNUN((W(V.Jclfl)+W(K.dc!~l)w?.O"W(Kndol))/DXDX
1 + (W(K0J+lol’+W(W0J“10!)-?oO*W(KoJol))/ﬁYﬁY
A+ tW(Vii.J-!)+W(K~1-Jol)HO.OMM(K.J.I))/D7D?) + 67
117 oy P o AMD, 17 AGIKEL e Jel) oF Qe 1Py GO TO 27211
WikKeJel) = W(KeJol) + NT*(TFMPIG + (PHI(K Jol) = PHI (K41 sJe 1)) /D2
{1 = TFEMPD 4 (TFMPIO =~ TEMPR)Y /DY 4+ (TFMP11 = TEMPA)/DX)
P11 IF(J oFOe JP1 «ANDe IFLAG(K ¢ J+141) oFQe 11 GO TO 2221
ViKeJel) = VI(KeJdel) 4 DTHITFMPLA + (PHI(Kedel) = PHI(K J+101)I/0DY
1 = TFMP? 4+ (TEMPO = TIEMPS)/DZ7 + (TFMPAR = TENMP4)/DX)
2221 IF (] oFQe IP1 e¢ANDe IFLAG(KsJal+1) oFQe IR) GO TO 2231
UlKeJel) = UKeJel) 4 DT#(TEMP13 + (PHI(KeJsl) = PHI(KsJel41))/DX
1 - TEMP] 4+ (TFMD12 - TEMPE) /D7 + (TEMP7 = TEMP4)/DY)
29731 COMTINUF
2P372% COMTINUF
ASE /N 2PRY TOH ME

E -

o

ApaE CALL VF

LETYCIFLAGIPHT gl)aVale M)

L1 = 1

o= g

NO 2941 J=2e0JP

NO 2oa1 1226101

IF(IFLAGILIeJe 1) oFQe 163) U(LloJQI)=BDRY(N)*U(L1+10J0‘)

IF(IFLAGIL LI Jal) oF Qe TH) V(LlQJQI)=EDRY(N)*V(LI+19JQI)

IF(!FL'\G(KP?QJQI) FQe 1R) \,I(KPP.JqI)=HI'\RY(N+1)*V(KP1.J.I)
2241 IF(IFLAGIKPR4Je 1) oFQe IR U(Kp20d0I)=RDRY(N+1)*U(KPIQJOI)

N o= A D

NO Doty K=24KkILVT

nNO DAt J=24JdP1

IECIFAC(K s Jel.1) oF0e 1R) V(KQJQLl)=PDPY(N)*V(V9JQL1+1)

IFCIFLAGIKsJel 1) oFQe 189 W(KQJQLl)=BDRY(N)*W(KQJQLI+1’

IFLIFLAGIK ¢ Js IP2) oFQe 18) V(KkoIP2)=BDPY(N+1)*V(KQJQIPI)

pretl IFCIFLA

CUKeJsIPP) oFQe 1R W(KOJ'392)=BDRY(N+1)*w(KQJo!Dl)

N = N 4 P

N0 2041
ne ¢ ~A1
IF(IelA

Ko 4T
1=P4 1M}
CtolLl1ol) oFQe 1B) U(KQLIQI)=F§DVQY(N)*U(K0L1+1QI)

IFCIPLAGIK L1 1) oEQe 18) W(KQLIOI)=HDRY(N)*W(K§L1+IOI)
IFCIFLAGIK s JPP a1 ) oF Qe 183} U(K.Jp?ql)=RPPY(M+l)*U(KodplQI)
2241 IF(IFLAGIK sJP2W 1) Qe IR N(KQJPZQI)=BDRY(N+1)*N(K0JPIQI)
AD TA ME :
ASA| NO DA K=, KLMT

~NO P ane

nNO a0y

J=2+JP1
1=24¢ 1P

IFCIFLAG(K s Jal) oL To IFUL +ORo IFLAGIKeJal) oGToe 1FH)Y GO TO 2291

RILSIER!
1 4w
TEMPY =
TEMPS =
TFEFMPa =
TFEMPy4 =
1+ Ut
A= et
* =t

y = (UKeJel) - UlKedel=13)/DX + (VIReJel) = VIKeJ=1s1))/70DY

KoeJdel) = W(K=14Je1)V/DZ
U(KQJQI-P)*U(Kanl'l)+U(K0Jol)*(U(KoJ0!+l)‘?oﬂ*U(KQJOI-I))
V(KQJ‘?OI)*V(K.J-lQI)+V(K0Jol)*(V(K0J+lvl)-EQO*V(KQJ-lol))
W(K"?QJOI)*‘J'(K"IOJOI)‘H‘}(KoJ.l)*(\\;(K+1-J01)’?oﬂ*\pl(K-IoJol’)
(U(<aJdel) + U(KeJ+1 a1 IVIKeJel) + VIKaJel+1))

KeJd=1al=1) 4+ U(K0J01-1)7*(V(K0J'191“1)*V(K0J'101))

IWeJ=141) 4+ U(KOJO,’)*(V(KOJ‘1QI, 4+ VIKed=10al+1))

Fedal=1) + K o db e 1=1)) ¥ (VIKeJel=1) + ViKeJdel))
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LMSC-HREC D225632

TEMPA = (UGKydel) + UK+ ede DI ¥(WIKedeT) + WKeJdaT+1))
1 + (L ads T~ + U(kodo’”l))*(W(K”ltJol"l)+W(K”10J0l))
O e =Y e 1Y 4 VI e de IIYF (WL~ g dal) < V(K=1edoel41))
7 - (tFeJel 1Y 4 (K4 e 1m1 0¥ (WK edeT—1) 4+ WiKede 1))
TIMIYA = (V(F el VIFHTade IR (WK1 4 Wik ed+l o1}
1 + (VIK-todrtael) 4+ V(Kod”lcl))“(W(Kpleﬁl'l)*W(KmloJol’)
A = (U -tedel) + \IH‘-'MJQY))""(\H(l""'loJal) 4+ W(K=1eJ41e1}))
i - (M(Fed=1a1) & \I(I<'+1o)”'1.l’)*(\l'fk'ol-lo!) + WK eJdel))
PHI(weJe 1) = DUy S 1Y /DT — TFMP 1 /0DXDX = T APP/DYDY - TEMP3/DZDY
1 =~ NOR(TEMPALNXNY & TEMBPR/NZNX A+ TEMPA/NYDZ)
anny CONTIMUIP
anae CAMT INUF
MO Farm a2 el MT
NA Parm JzPe. )P
MN Pany 122410
IFCIFLAGIK aJol) oLTe IFUL eORe IFLAG(KesJal) oCGTe 1FH) GO TO 2301
PHI(K s Jal) = PHI(KsJa 1) + RMU* ((D(KsJel4+1) + N(KeJeI=1) = Pe0¥*D(
1 Koedel))/ZDXDX + (DK J+1e1) + N(Kedm=1e1) = PeN¥D(KeJe1))/DYDY +
2 (D(K+1eJal) + DiK=1eJe 1) = D OXN(K GJe1)I/DZDZY
A0y CONTINUF
aane CONTINLF
NO PalnR KeDykl MT
AO Pat 3 J=24JP!
Ne P2t 1=241010
N(KeJel) =, NeN
IFCIFLAGIK ¢ Jal) oL Te
Nty Jal) = PHI(KJ0 D)
"211 CONTIMIF
o211 CONTINMUF
KLIMIT = KLMT
PrEWINnD NUa
WwRITE (NU4) (((D(K.JoI)~t=1olP?)0J=10JP?)0K=10KLIMIT)
PEW NN NUY?
RFEARN(MUP)Y (((pHI(KQJQI)ol:loIpP)onlon?)szlQKLMT?
1TFR = 0O
AGEIAN PALY1 TN MF
1TFR = JTFR 4+ 1
l. = A
NN 2428 K=?KLMT ,
nO Para J=22eJP1 l
no 2ant
IFCIFLAGIK  Je 1) oL.Te IFUL oORoe
TEMPY = ARS(PHI(KsJe 1))
PHIlKsJe 1) = ((PHI(KsJoT4+1) + PHI(KsJe 1111 /DXDY + (PHI(KsJ+1el)
! + PHI(KsJ=1,41))/DYDY 4+ (PHI(K+1edel) + PHI(R=14¢Je 1)) /NZN2
a e AFeJ 1) IHCOFA = FPSAXPHI (K e )
Il o0 1) 6N TO 2P4a2]
TEMDA = ARSUIPHTI (Ko de 1))
TEMPA = ARS(TEMPR -~ TEMP1)/(TFMP2 + TFEFMP 1)
[F(TEMPL (0T, FPaP) L=t
any) CONTIMUF
fqPe CONT ITNMUF
IF (L oF Qe NY GO TO 2471
eN T P1AY
say CALL CLEOUT(ITCRU)
XMy MARKED PARTICL FS,
PEWIAN NUI
[nl=ATTR KNI NI W e

IFUL «ORe IFLAG(KsJs1) oGTe IFH) GO TO 2311

Pa11

IFLAG(KsJel) oGTe IFH) GO TO 2421
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LMSC-HREC D225632

Moo~ NMMARKR
1 = 1
2 IF (M «CTe 1CSTH4Y MeICATYH
READINEILY (X(LYslml oM)e (Y(L)sLmaleM)e (Z(L)eLm1eM)
NN PR Mel oM

1 = w(MY + Pe0

Jom o wINY 4 DeN

KWom UMY 4 PN

TEMPY 5 |

TEMPe = )

TFMPAa o @

WO m TEMO] = 1 ¢R

Ve & TEMPD - 148

7C = TEMPR = 1,5

NO P77y | =147

%1 = TFMP] = Ng&E = %(N)

Y1 = TEMPD = Meg& = Y(N)

71 = TFMP = N5 =~ Z(N)

11 = 1 4+ 1

Jl = J + 1

K1 = K + 1

GO TA (PRI 4PR4) ¢ PE=1 )y L
2831 11 = 1 - 1

X1 = V(N) 4 PN = TFMP]

YD = (g -~ Wi

IFT(Y(N)Y oCTe Y)Y GO TO 2PR38

Jl = 4 -~ 1

Y1 = Y(N) 4 DPe& = TFMPP
PERABE Y2 = 140 = Y1

1F(Z(NY «oGTe 7C) GN TO 283Q

K] = & - 1

71 = Z(N)Y 4 2 ¢H =~ TFMPR
NEFO 7D = 140 =~ 7%

XX = DTH(YIHZ IR (XIRUIK e l) + XORU(KeJel1)) + YIRZPH(X1*¥U(K1eJ])

1 4+ XPRU(KTIeJdel1)) 4 YRRZIH(XI*¥UY(KeJLlel) + X2¥U(KIJIaT11))
P 4 YORZAR(XIFUIKYI I D) 4+ XOHUIKLWJIWI1)))
~O TR peET)

eV NG B BT B

Y1 = Y(N) 4 240 = TFMPP

Y2 = 1ol = W

IF(XI(NY oGTe XCY GO TO PR4R

1t =1 -1

¥1 = X(N) 4+ Pe& = TFMP1
2GR XD = 140 - X

IF(Z(MY oOTe 7C) GO TO PRAO

)] = ¥ = 1

P11 = ZUNY & DeE = TFMPN
sEAO PP = 140 =~ 7

YY = OTH(ZIEXIH(YIEVIKeJel) + YORV(KeJla1)) + Z1HXDH(YIHV(KIJoT1])

1 4+ YORVIKeJTel1)) 4+ Z2¥XIH¥(YIHVIKIeJel) 4+ Y2EVIKIeJl a1},
D4 PPEXPHIYVIRVIK LIl 4+ YPEV(KIWJIe11)))

~O TR PR

AEEY K o= k=

71 7MY 4+ DeN - TFMPA

772 = 1e0 = 71

IF(Y(NY) oCTe XT) GO TO 2R{R

T =1 -1

Y1 = ¥Y(N) 4+ D48 = TFEMPY

it
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LMSC-HREGC D225632

%D = YaN = X
IF¢y(NY) oTe YC) CO TO 2RRAQ
% 5 BN

v n YI(NY + Paf3 ~ TFMPP

YO 3 14N ~ V¥

77 = DT*(X!*Yl*(?l*W(KoJo!) 4+ Z22¥WIKTeJdel)) + XIHYPR(Z1¥WIKeJL o 1)
4+ 7oV TeJIe])) + XoRY | H(Z1%W(KeJdoT1) + ZP¥W(KTeJdel1))

4 WONYPR (PRI I 1Y) + 7o%W (K ed1el1)))
CONT MU
YINY = YINY + XX
YIMNY = Y(NY + VYV
ZI(NY = Z(M) + 77 '
WRITFI(NUAY (X(L)Yel=1 oMo (Y(L)YsL=1oM)o (Z(L)eL=1eM)
M o= NMARKD - 14%1CRTY
TF(M JLTe 1) A0 TO 2ROY
1a = 14 + 1
~O TA PR2Y
INDUII = INPULI*ISIGN
NUT = NUP2 = INDUIR
NUTZ = NUI2 4 INPULR
NO 2711 K=2.KP1
A 2211 J=PeJPI
nO P21 122,101
NEKeJaly) = Nl
pPEWIMA NN

Moo= AMMARKD
ta = 1

TEMPY = [RAR
TEMP2a = JRAR
TEMPa = KRAR

IF(M (GTe 1C&T4)Y) M=ICST4
PEAP(NUIT)Y (X(L)YsL=1eM)y (Y(LIeL=1eM)o (Z(L)Yel=1 M)
PO 2771 N=14M

I = w(N) 4 2N
J = viN) 4 P
o= (N 4+ PeN
1F(1 oLTe eORe 1 «GTe IP2)Y GO TO 2728

1
1F(J) oLTe 1 «0ORe J eCTe JP2Y GO TO 272K
IF(K oL.Te 1 oORe K «GTe KP2y GO TO 272K
1F (] oF0¢ 1) X(N)=001
IF(Y oFNe 1) YIN)=D
IF (K oF0e 1) Z(NI=Ne]
IF (] oFQe IPP) X(NI=TFMP1=Ne1
IF(J oFNe JPP) YI(N)=TFMP2=0s1
IF(K oFQe KP2) ZI(NY=TFMPA=Ne 1
O TA 271
PRINT 27264 ICYCLE. ITER, 1s Jo Ko No XN Y(N)Ys Z(N)
FOPMAT (/77 1 EX%% FRROR x*¥itk ¢ ATARy AF1446)
FTUINN
MR e Jal) = 16"
Moo= AIMARKD - 14%1CQTA
1F (M oL.Te 1) GN TO 2741
1tn = 14 4+ 1
GO TA 2721
NO PR K=2 ¢ MT
A Dmes =04 JPY
NO Poey 1=241P1
N o= P eJel)
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) ' LMSC-HREC D226632

IF(N 4N NY GO TO 2781
IFLAC(K o e lY = TPLAGIKeJdel)Y + N
Jl = ¥
7Y CONT INLIT
A7 COMT IMUF
KLMT = J! + 7
IFCIPPT(R) of Qe 1) PRINT 27704 1CYCLF 1TAR
aA770 FORMAT( /77 v ICYCLFE =1 174 A¥e VITFR =t 1R)
IF () MT o7l KDY Wi MTeiD)
{TEAD = 1PPT(R)
CALL. CRLLINCIFLACPHT slJaVoea Dy 1 TEMP)
s ACEe AN 1201 TN MP '
" ) a0 TA fpAr
7011 PRIMNT 0144 NATMT
N A014 FORMAT(// ' %% FPROP #% EXFCUTION OF CURRFNT CASE 1S TERMINATFD D
1 1UF TA CTORAGE LIMITATIONC(! 144 t)e?)
RFTLION
FAND
IENR 1S N ang
SUBRAUTINE CELLIDC(IFLAGIPHI sUsVeWeD o ITEMP)
COMMAN/L1/ ITYPE, 1BAR, JBAR. KBARe IP2s JP2s KP2+s TARRAY(SO000) »
i ARDAY 1 (5000) ¢« ARRAY2(S000) s ARRAY3I(S5N0ON) o ARRAY4 (S000) »
2 ARRAYR(&ECNN)
COMMNON/L 3/ 1Fs 1EHe ISe ISHe IFULe IFHe IRs ICST1o ICST3e P10
1 JPt1e KP1, ICYCLF, ICFLL(A) s KIMT
» E NIMENSTION IFLAGIKPR JPP IPP) e PHI(KF24JP241P2) UIKP2JNP241P2) o
" 1 VP24 JR24IPPYy WIKPRWJP24,IP2) s DIKP2¢JP241P2)
4 NATA 1112414144184 16/142 030445406/
.. . c %#Ck IF AN FVMP CLL SHOULD BECOME A SUR CLL AND VICE VERSA. *ADJ THE
i c Vel Chmpe OF A NFwLY CRFATED FMP CLLa
NO 4111 kKe2eLMT
. N0 a111 J=24JP1)
E NO 4171 1=241P1
‘ M = IFLAG(KeJe1) /18T
. IF(M ATe 4) GO THO 4101
! l. = 1FLACIKJs1)/1CSTI
1 = 1TIAG(IKeJel) = TCSTIXL +
GO TA (anPlea"s1)e L
i ALY O TO (417 14,4101 44031 44041)4 M
i 403 IFLAR(KeJ 1Y = IF
O TA anng
af4a] 1IFLAR(KeJalY = TIFH
a0 TA 400
4ns] GO TO (406144071 4406164071)0 M
a0Aa) IFLAAIKeJeTlY = IS
¢ O TA A1)
ANT7Y IFLAC K eaJel) = TQH
| AN T 410 |
e 4N0RY 1CFIL (1Y) IFLAGIK s Je TH1)Y/71CARTA
’ TCFLY (1) TFLAGIK+1 e Je IV /Z1CSTA
1CFLL (13 IFLLAGIK G Je1=1)/1CETH
1ICFLL_(taye 1FLAG(K=14Je 1YV /1CCTA
1CFLY (152 IFLAGIK ¢J+1,41)/71CaTR
1CFLL tIAYS 1FLAG(IK g J=141)/71C0RTR
Jr = n
AN 4RO Mz ¢ A
IF(IAFILLIND) offTe 2) CO TO 40n0)
AO TA (4NRTLNRAE G4NRE JACRE ADART7440RAYy N

-
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1K edel) = NgN

O TA 4000

WK e Jel) & MeN

cn TA 4000

IHKeJelm1) = De0

AN TA anan

Wik=14Jel) 5 N0

~OTA A0ON

VIKeJel) = NGO

a0 TA 4000

VIKeJg=101) = NN

J1 o= Ut 4+ 1

CONT INGF

IF(ITEMP 4FNe 0) GO TO 4101

IF(J] oF0e O oORe J1 oF Qe 6) PRINT 4094, ICYCLFe Jlao 1o Jeo K
FORMAT(//' *% COMMENT #% J1=0s THERE IS A CAVITY. J1=6s FLOW FIE

1LD MOVES TOO FAST(4101)et 7/ v VALUES OF ICYCLES Jis 1o Je K ARE
) Sle)

Q101 CONTINMUF
711l CONTINUF
¢ #CK IF A aJR CLL SHOULD BFCOME A FUL CLL AND VICE VERSAs #ID OF A SUR
- Ci Lo
NO 47A1 K=24KIMT
NO 4181 J=PeJP1
NO 4281 1=22,1P1
M o= 1R AG(IC s Je 1Y /1C08TR
1E(M LI.Te ) GO TO 4351
TCELL(I1)= IFLAG(K«JeI+1)/1CSTR
1CFLL(TIP)= TFLAGIK414JaI)/1CSTR
ICELY (13)= IFLAG(KeJeI=1)/1CSTR
1CFLY (1ad= IFLAG(K=14Ja1)/1CSTR
ICEL (15)= IFLAG(KeJ+141)/1CST3
ICELLIIBY: IFLAGIKsJ=141)/1CKT3
NO and1 L=l
IF(IArLL (L)Y oLTe ) GO TO 4261
42?1 CONTINUF
CO TA (4351447351 44231¢4241642314424144351)0 M
an”3! IFLAA(KeJelY = TFUL
AN TA 4ned
4aral 1FLAR(VaUelY = TIFH
O TA 43Ry
4261 GO TO (4351447351442 7144PR14427144728144351) M
APT1 IFLAR(KeJel) = IS
CO TA 4701
aPR1 IFLAA(KeJel) = 1ISH
4201 N = A
K1 =
PN a0 L=14h
TF(IPFLL (L) oL Te ) N=N+t11
ANy Kl = "k
IFLAA I aJelY = TFLAGIKGJel) + NRICAT]
anst COMNTINUE
a"A 1 CONTIMUIF
DETHIONW
MY
tFOR 18 eny Ny

SUBRAUTINF VFLCTY(IFLAGePHT sUsVaWeD)
COMMAN/L 1/ ITYPE. IBAR, UBARs KRAR. 1P2y JP2s KP2y TARRAY(S000)
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1 ARPAY1(S0ONN)
2 ARRAYG(ROON)

ARRAYPL(FN0ONY ¢ ARRAYZ(S000) 4 ARRAYA4(F0N0) o

COMMAN/ZLA/Z 10 1 Ha 19¢ 18Hs IFULe TFHY 1Re IC8T1e ICSTR, 1Pl
1 JdPy, ¥P1e TCYCLF 1CFLL(A)Y s KLMT
COMMNM /L 47 DXODY PDX0N7Ze DZOD¥ e DZODYs DYODX pyYoDn?

' NIMENM2TON IFLAGIKPA PP IP2) PHI(FPL s PP IP2) VKPP« JP24¢1PR2 )
1 VIrRP2 PP IPPY WIKPP s JP21P2) DIKPO 4P IPP)
C #COMD THF VEL COMPS OF A SUR CLL AND OF FMP CLLS JUST OUTDIDE OF A FSe

e ,-’."‘"‘" v 22

L

o ey T

TRImED

nO A4mA/Y lt=?
AN 4mAa) JRD
no A0y = P
o= (P AG(K
TF(M ol.Te 7
L =
1F ¢
1F (¢l
TF(L
N = (.
GO T (4531
1 UEAG L 45A]
Ul e Je 1) =
UKsJel) =
cO TN 498
45738 U(Ke Je 1)
4541 WIKeJel)
WiKsJa 1)
O T 49|l
UK Jel—1)
UlKeJal=t)
GO TA 4951
1Ko JoT=1)
a0 T as41
Q4Eaea (I(KeJel1) =
W(K=14eJe 1)
W(K=14eJe 1)
GO T ¢ORK}
Q4568 (Ko Jel~1)
cO T 4fFéd
a621t N = | - IR

e"Toe 4
e"Te 1
o Te 1

4531

ttouu

45 4=

GO To (463“046310464104645046559463304651046410466504645046350

1 46871 44€8]
A6 LIt e )
4638 VIKsJol)
ViFKeJel)
GO TA a9F
VIKeJeld
cO TA av4
a6nr UKo Jel)
a6l VIKeJel)
IF(L oFCe
1R (L oF Ne
W(kKeJol) =
TF (L oF0e 1
IHKeJe1=1)
1L oF Qo
1Fel.
W{K=94J01)
fNTA 49%1

4641

i o= 1 o—-=nn

(Yalals

akh

CIFLAC(IKade 1Y =

27
oFDe 2N

WM T

«JM

RIS

WWJe 1N /1CKTE

dORe M ofTe 4) a0 TO 468])
M¥1CRTR)/ICSTI
4R21

a72

4621

7y GO TO
1y GO TO
2y GO TO

04%41q45390454904531045310454114q610455504541945310
AR5 44531 )e N

UK eJdel=1) - DXODYH(V(KeJe 1) = VIKed=1e1))

UlKeJdsl) = DXODZ¥(W(KeJs 1) = WIK=1eJe1))

1K eJel=1)
W(K=1,Jdel) = OZODX*(U(KQJO!’ - UtKedel=1))
WiKeJdol) = D7ZODY%¥ (V(KeJg 1) = VIKeJ=1s1))

UK eJel) + DXODYR(VIKGJe1) - VIKed=1a1))
UK s Je1=1) + DXODZH¥ (WIKsJel) = W(K=1e¢Jo 1))

n "

UK e Je 1)

(e JeI=1)
=2 W(KeJel) + DZODX®E(UIKsJs 1) - UKeJel=1))
= WIK=1eJel) + DZODY®#(VI(KeJel) = VIKed=101))

Q

K eJe 1)

VABESR s 46TR 44635 ) N

WK eJal=1)

VIKed=1e1) = DYODX*(U(KKeJol) = UlKadel=1))
VIKedel) = DYODNZX (WiKeJdal) - WiK=1eJe1))

VIiKed=141)

(K eJe1=1)
VIiKed=10e1)

28y GO TO 4661
sa)

O TOH ARKS
mMik=1eJe 1)
a)y CO TO a98)
= UK eJe 1)
GO TO a4a98K]
eNRe I oFQNe
= WikeJol)

30) GO TO 4638
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AEER V(Ko del) © VIKed=1a1)
fO TA A4GE)
ATON N o= | o~
O TN 107150471104741.474W'ﬂ7ﬁl0477504761007010473ﬁ00743047350
\ AT ¢ ARG ATCRGATAL TN e N
A7%) LIk g Jel) ® (K edelmt)
470 ViKed=1e1) = VIKeJoel) + DYONX* (L' (KK ede 1) = UKo l-1))
ViKed=101) m V(KeJ=121) + NYONZ# (WK eJal) — W(K=1eJdel))
e TA 400
a1 V(Feg=1e1) o VIKeJde D)
a0 TN atigy
4745 LK Jel) = LI(FedeT=1)
IF(L. oF Qe 41) GO TO 4758
4751 WiKeJel) = W(K=14Jdel)
4T78e V(K g=1e1) = VIKeJel)
1 (L. oFNe A1) GO TO 46K1
IF(L oFQe¢ 4N oNRe L oFNe 48) GO TO 4561
1F (L +F0e %) GO TO 4951
a761 U(KeJel=1) = UlKeJIeT)
IF(L «FNe 3R) GO TO 40K1
IF(L «FNe 44Y)Y GO TO 4661
fO TA 4735
4R21 N = | = 47
GO TO (4635045310454104535045450463504%51045410456104555'45410
1 4511 s 4FAT 4561 14545445414 N
4951 CONTINUIF
a0ht CONTINUF

K = 9
2101 K = ¥ + 1
J o= 9
8108 J = J + 1
1T =1
S111 1 = 1 4+ )
M = IFLAGIKJel1)/ICSTR

IF(M LTe 2 ¢ORe M «GTe 4) GO TO |451

N = 1FLAGIKJe I 4+1)I/1CSTR

1F (M ol.Te @ o0CRe N oGTe 4) GO TO 5121

LGCY1 = (IFLAG(K4+14Ja1)/ICST3)I*ICST1 + IFLAG(K+1eJe14+1)/71CST3
IF(LAC1eEQell +ORe LGCleFQel12 +ORs LGC1eEQe21 «ORe LLGC1EQe22)
1 U(K+1QJOI)gu(KQJQI)-DZODX*(W(K!JQt+1)’W(KQJ’l)’
LGCY1 = (IFLAGIK=14Je 1) /ZICSTAIHICSTY + IFLAG(K=14Je14+1)/71CST3
IF(LEC1eEQall o«ORe LGC1eFQel12 o0ORe LGC1eEQe?]l +ORe LGC1¢EQe22)
1 U(K‘anol)=U(K0JQ!)+DZODX*(W(K‘10J91+l)’W(K'19J01))
LGCY = (1FLAG(KsJ+1¢ 1) /ICSTII*ICSTY + IFLAGIK s J+14141)/1CST3
IF(LAC1eFQell «ORe LGC1eFQe12 oORe LGCIsEQe2] eORs LGC1+EQe22)
1 U(KQJ+1QX’=U(KOJOI)-DYODX*(V(K!JO‘+1)-V(KQJ01))
LGC1 = (IFLAGIKsJ=141)/71CSTIIRICST] + IFLAGIK ¢ J=14141)/1CST3
IF(LACIeEQell oORe LGC1eFGel2 eORe LGC1eEQe2l o¢ORe LGC1eEQe22)
1 U(KQJ”101)=U(KOJ0l)+DYODX*(V(KoJ-lol+l)‘V(KQJ'IQI))

2191 N = (FLAGIKaJ+1¢1)/1CSTA

IE(N oL Te 7 «ORe N oGTo a) €O TO =221

LGCY = (IFLAG(KsJe1=1)1/1CSTII*ICST! + IFLAG(KsJ+1e1=-1)/71CST]
IF(LACTI eFEQell oORe LGCl1eFQel2 oeORe LGC1eEGe21] eORe LGC1eEGe22)
1 V(K0J01-1)=V(K0Jo!)+DXODY*(U(K9J+101‘1)‘L(KQJQI-1))
LGC) = (IFLAG(K s Je 1411 /ICSTIIRICSTL + IFLAGIK ¢ J+1 4 141)/71CS5T?
IF(LGC1eFQell oORe LGC1eEQe12 o¢ORe LGC1eEQe21 s0ORe LGC1eEQe22)
1 V(K0J¢i+1)=V(KoJol)‘DXODY*(U(KoJ+1ol)’U(KQJQl))
LGCY = (lFLAG(K+10J0i)/1C573)*ICST1 4+ IFLAG(K4+14J4+1e1)/1CST3
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IF(LGC1eEQell «0Re LGC1eaEQel2 20R LGC1aEQa2]l a0R LGC1 aEQe22)
] V(K+lQJQX)RV(KOJQ!)"DZODY*(W(KQJ$I9!)”W(K0Jol))
LGCY = (lFLAG(K"lQJol)/lCST?)*!CSTl + IFLAG(K~1¢J+1413)/71CHT
IF(LGC) «FQall »CRa LGC1alGel? eORe LGC1aERe2] «0Re LGC1aEQa22)
1 V(KHIoJo!)ﬁV(KoJQ!)+DZODY*(W(K"loJ*ltl)"W(K”loJQI))
RODY N 1 (R AGIK4L e Je 1Y AICRTA
1IN ol Te 7 a0ORe M oGTe 4) O TN GAHRKY
LGCY = (IFLAG(K Jo1=1)1/ICATIRICHTY + IFLAG(K+Y ¢ Je I=1) /1CATA
IF(LACYoFQell oORe LGC1eFQe1? ¢ORe LLGCLeEGe2] 2ORe LGCYIEQe22)
1 W(Kodol"l)nW(Kqu|)+5X0D7*(U(K+1'Jal”l)MU(K.JoI”I))
LGCY = (IFLAG(KOJ'1+1)/IC%T?)*!C%T! + IFLAGIK+1aJel+1)/71CHTA
IF(LGCIeFEQell «ORe LGC1eEQel? «ORe LGC1eLQe2Y eORe LLGEC1CQeRPA)
1 W(K0J01+l)=W(K0Jql)'DXODZ*(U(K+l¢J01’”U(Kodol))
LGC) = (IFLAG(KQJ-lol)/ICSTE)*lCGTi + IFLAGIKE+ ) oJd=1 1) /71CRT3
IF(LACIeEQel]l «ORe LGCl1eEQel2 eNRs LECI1eFNR2] e NRe LGCI1CQe22)
1 W(KqJ-lc!)EW(KQJQl)+DYODZ*(V(K+1oJ-101)-V(Kod—lol))
LGCY = (IFLAG(K s J+1 ¢ 1) /1CESTRIH]ICSTL + IFLAG(K+ 1 eJ4+1 0 1Y /71CETT
IF(LECIeFQell oORe LGC1eFNQe12 oORe LGC1eFQe21 +ORo LGC1 eEQe22)
1 W(K0J+1'1)=w(Kanl)-DY007*(V(K+1cJoX)-V(KoJo!))
s4m1 CONTINUF
1F(] +LTe IP1)Y GO TO S111
1IF(J oL Te JP1) GO TO s1085
1F(K oLTe XKLMTY GO TO <101
RETURN
FND
EFEOR 1S anNe a0K
cURRAUTINF PLOT (1141241314 M)
COMMON/L.P/ IX(100) 17(100) 4 X(2000)s Y(POOD) Z(2000) s PLTX
1 PLTYs RPPUL s+ MARGNX 4 MARGNZ s+ NSEGPTs NIMRKR, COosPSly SINPSIT
2 CONTR1e CONTRZ. CONTR3s CONTR4e« XV(3+31) ZV(3+31)
GO TA (5GP 48721 ,5091), 11
a2 1F(1a «GTe 1) GO TO 6841
NO sm1) =149
J =1 + 1
as3) CALL LTNFV(XX(I)QI?(I)olX(J)ql?(J))
NO et [=114NSFGPT?
J=1 4+ 1
me3= CALL LINEV(IX(I)Q!Z(I)QIX(J)OIZ(J))
MCOUNT = O
meq ) CONTINUF
NO =2n1 I=1M
MECOUIMT = MCOUNT 4+ 1
P = X(1)
YR = v(1)
7P = 21
IF(MCOUINT oGTe NIMRKR) GO TO 5601
GO TN (586 8801 BENL yEE0L)y TR
5561 IF(YD oL Te PLTY oORe XP «GTe PLTX) GC TO %601
an TA |70
=91 CONT INUF
"~ TA 8701
=AM IF (17 oFQe 1) GO TO FAA]
cO T ("”‘Fﬂlor‘ﬁalonﬁ‘)l;‘:ﬁal)c 1°
6611 1F(XP «LTe CONTR4 «ORe XP oGTe CONTR1) GO TO “701
IF(YPD o«LTe CONTRA oORe YP eGTe CONTR2) GC TO ©7C1
1F (70 o«LTe CONTR4 oORe 720 +GTe CONTR3) GO TO 5701
an TR sand
=As ] CONT TN
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RAEABL JX = RPPULM (%P + ¥YP*¥COSPAT)Y
J7 a2 PPPULY(ZD 4+ Yp¥t INPeT)
J¥Y o ¥ 4 MARGNY
J7 = J7 4+ MARGNZ
CALL PLOTY(JX e J7¢3R¢0)
R7NY CONT MU
D TUINM
R721 COMT IO
NO F=y) Tnlal4
Y o VAT 1)
SR AV RU B
ey = ¥V(IT34141)
? = PVITI72.141)
a7 CALL L INEVEIX e U7 4 PX 7))
NO Em41 Tl oM

JY = ¥l

J7 = 71

KX = Y(1P+1)

K7 = 7(1P41)

CALL LINFV(IY e J7 e KX K 7)
XP = ¥ - UX

70 = €7 -~ J?

J = enNRT(YPRED 4 TPRHEED)
8741 1F(J oGTe 7) CALL ARROW(JIXeJZ oKX KZ0602)
2001 CONTINUF
PETURN
(= NI
IEOP 18 8214971
SLIBRRALITINFE CLKOUT(TCPU)
CALL SrLCCK(PATE 3 TIMF JFSFC 608 C)
WRITE(AL10NNY TIME
100N FORMAT( AHNTIMFE= A1D)
CALL CPUTIM(TITIVY
FerFe = FLOAT(ITIMYI/1eFA
WRITE(A«PONNY FSEC
2000 FORMAT( 1HAFSFEC (CPU)Y = Fld4ed)
IF(F et oL Te TCPULIY RFTURN
PRINMT 200N
Aano0N FORMAT(¢ #% MESSAGE ##% EXFCUTION 1S TERMINATED TO PROTECT eC=4020
1 PLOTS REFORPF MAY TIMF 1S PFACHFDs ')

eTNP
SND
TASM T CPUITIMCPUT IV o LISFE AS CALL CPUTIM(ITIM)
w1 AxXRE e« WHFRE ITIM 18 FLAPSED CPU TIMF
COUT IME | A AC 4 (P ARRAY) s IN MICROSFCONNDR
en neTS
LA AN G ARPAY+P?
MelaXtl) AL 20N
cA AN+ #0411
N PeXt
APPRAY nFe 71
[SIN ]

IFAR 1 esa,4a2D
QUPRANIT IMF ARPOWM(IY1 s IY1 4 I1XPaIY24THITF 4 IRACKE)
HFE1RAKT = THITE
AACE = TRAGFE
%2 = 1¥°
v = 1v?
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pne

I T J0  |

ayY g I¥D ~ 1Y)
n¥ a IX9? ~ X}
CO & |4 /R0RT(NXENX + NYEDY)
FPACTY = OARE X (OQ%DY)
FACTY n QARE % (NXDY)
¥ p %D - HEJTCHT ¥ (CO¥NX)
v 2 ¥ = HOIOHT % (.0HNDY)
IvV4 = (¥ & FACTY) + o7
I¥A o (YA = FACTYY + of
INC @ (¥~ FACTY) + af
IVG n (Y & FPACTY) + oF
AL LIMPY (INA4IYOIXPIYRY
CALL LIMEY (IXG TYS e IX21YD)
R TUIOM
28 V1]

tMAR, Tl PRAGPRNC

LIN  CYQaaMeECd,

N eny

1EAPAUT TOERE 4 o LHMAC R,

IREW TN g 1 | HMACT

IEREe | HMARR,

1YNT  BROA

r

r ORRREE PATA NECK XRaH

~

‘e IN

e
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